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VOLUME I 


I. Plaintiff's Exhibits Received In F: idence 


Plaintiff's Exhibit 
Exhibit No. Description of Document Binder Page 


5A Diagram of Perma Unit E-1 


8 Patent #2,881,879 E--3 
Accelerator Brake Control, dated 
April 14, 1959 


Patent #3,325,226 
Braking System and Anti-Skid Means 
Therefor, dated June 13, 1967 


Patent #3,330,113 
Power Bras, dated July 11, 1967 


Patent #3,383,482 
Switch Devices, dated May 14, 1968 


Patent #3,459,204 
Anti-Skid Device Valves, dated Au . a, 
1969 


Patent #3,477,765 
Acceleration Responsive Devices for 
Anti-Skid Units, dated Nov. ll, 1969 


Letter to Frank Perrino from Keith 
Heffer, Sales Manager, The Singer 
Company of Canada, Ltd., dated Jan. 21, 
1964 


Letter to Robert Kloby from Frank 
Perrino, dated Jan. 24, 1964 


Letter to Frank Perrino from Robert 
Kloby, dated Feb. 19, 1964 


Singer-Elizabeth Division Manufactur- 
ing Services Quality Control Brochure 


Complete Brochure Described in Plaintiff's 
Exhibit 18 


Motor Vehicle Research Report No. 13, 
Published at Lee, New Hampshire, 1964 


Ads, Brochures, Article Reprints of 
the Perma Anti-Skid Device 


Cadiliac Engineering -- 1963-1964, 
Perma Anti-Skid Tests 


Report of C. R. Fricke of Singer on 
Meeting Held March 13, 1964 Concerning 
Perma's Arti-Skid Control 


Sepia: 2f Components of Perma Anti- 
Skid Unit 


Plaintiff's Exhibit 
Exhibit No. Desci:iption of Document Binger Page 


24 Anti-Skid Device: Test Specifications 
for Pressure Switch Equipment by 
J. Wagner, déted May 22, 1964 


Memorandum to R. Kloby from R. Patten 
Re: Pe :ma Research and Research Develop- 
ment Company Market and Forecast, dated 
May 27, 1964 


Agreement Between Perma Research and 
Development Company and Jandro 
Equipment Co. of Minneapolis, Minn., 
dated March 7, 1964 


Manufacturer's Agent Agreement Between 
Thomas H. Coulter of Des Moines, Polk 
County, Iowa and Perma Research and 
Development Company, with Price List 

for Tom Coulter Representative Agreement 
Attached, dated Sept. 4, 1964 


Agreement Between Perma Research and 
Development Company and Clarelen Importers, 
Ltd., dated June 10, 1963 


Agreement Between Perma Research and 
Development Company and Monitor 
Enterprises, Inc., dated Aug. 4, 1964 


Agreement Between Perma Research and 
Development Company and E,. B. Wright, 
Jr. of Wright Bros. Greenhouses, dated 
July 24, 1964 


Agreement Between Perma Research and 
Development Company and Richard H. 
Travers and John W. Travers of Cuincy, 
Mass., dated Feb. 12, 1964 


Agreement Between Perma Research and 
Development Company and Angelo Di Spirito, 
Jr. and Christie Vitolo 


Agreement Between The Singer Company of 
Canada,Ltd. and O-Matic Auto Products, 
Ltd., dated Jan. 1, 1965 


Contract Between Perma Research and 
Development Company and The Singer Company, 
dated June 18, 1964 


Group Memoranda Entitled: (a) Meeting 
Between Perma and Singer Personnel, dated 
Sept. 2, 1964 (b) Meeting Between Perma, 
American Optical and Singer Personnel, 

dated Sept. 3, 1964 (c) Meeting Between 
Perma, Singer and American Optical Personnel, 
dated Sept. 8, 1964 With Results of Test 
(Sept. 8, 1964) 


Letter from A. Romel to J. Fecko: “Status E-417 
Report~-Perma Anti-Skid Device", dated 
Sept. 17, 1964 


Minutes of Meeting of Sept. 24, 1964--Sub- E-420 
ject: Perma Anti-Skid Unit 


Plaintiff's 
Exhibit No. 


49 


Description of Document 


Memorandum to C. W. Broeker from A. 
Romel--Subject: Status Report “Perma", 
dated Sept. 28, 1964 


Memorandum to J. Fecko from A. Romel 
Re: "Perma Sensing Units", dated Dec. 
4, 1964 


Memorandum Re: Discussion Between 
Perma & Singer Personnel, dated July 
17, 1964 


Letter to R. Kloby from William Hill 
Co. with Preliminary Market Survey Perma 
Anti-Skid Control, dated Dec. 14, 1964 


VOLUME II 


Plaintiff's Exhibits Received in Evidence (Cont.) 


59 


60A 


Memorandum to D. P. Kircher from L. E. 
Hough, dated Dec. 1l, 1964 


Agreement Between Perma Research and 


Exhibit 
Binder Page 


E-425 


E-431 


E-432 


E-435 


E-454 


E-462 


Development Company and The Singer Company, 


dated Dec. 21, 1964 


Letter to S. J. Murphy from P. Phelps, 
dated Jan. 7, 1965 


Letter to P. Phelps from Carl W. Broeker, 
dated Feb. 17, 1965 


Agreement Between Monitor Enterprises, 
Inc. and The Singer Company, dated 
Jan. 18, 1965 


Letter to Frank Perrino from A. Romel, 
dated Dec. 23, 1964 as 


Memorandum to E. A. Sprague from A. 
Romel Re: Original Sketches of Transfer 
Valve and Attachments 


Letter to Marzhall Breen from E. A. 
Sprague, datei June 16, 1965 


Letter to “. G. Morehouse from R. R. 
Patten, dated July 7, 1965 


Memorandum to A. di Scipio from B. C. 
Person Re: Suspension of Marketing and 
Withdrawal of Units from Field - PERMA 
Anti~-Skid Control, and Exhibits, dated 
Aug. 10, 1965 


Memorandum to B. C. Person from David 
McKearnan, dated Aug. 16, 1965 


Memorandum to D. P. Kircher from D. D. 
Marsden Enclosing Perma Anti-Skid Status 
Report and Recommendations, dated Aug. 
30, 1965 


didi 


E-531 


E-536 


E-540 


E-541 


E-543 


E-553 


E-557 


Plaintiff's 
Exhibit No. 
92 


94 
(pages 3-5) 


98B 


102 
104 


105, page 3 
(Schedule B) 


110 


125 
127 (first 
3 stops) 


128 (first 
3 stops) 


Description of Document. 


Letter from B. C. Person to Frank 
Perrino, dated Sept. 9, 1965 


Portion of Report Letter to B. C. 
Person from C. W. Broeker with 
Report Attached, dated Sept. 1, 1965 


Schematic Showing Modifications for "Fail 
Safe" and Higher Brake Pressures; 
Schematics Nos. 2 and 3 


Memorandum to A. di Scipio from B. C. 
Person - “Recommenced Course of Action 
for Perma Anti-Skid Control Program", 
dated Nov. 9, 1965 


Memorandum to B. C. Person from Alfred 
di Scipio Re: Recommended Course of 
Action for Perma Anti-Skid Program, 
dated Nov. ll, 1965 


Letter from B. C. Person to Frank 
Perrino, dated Nov. 22, 1965 


Letter to R. D. Mainelli from B. C. 
Person, dated Dec. 23, 1965 


Singer Report dated June, 1965: 
Perma Anti-Skid Device Investment 
and Commitments as of June, 1965 


Letter to B. C. Person from C. R. 
Odermann, dated Nov. 8, 1965, enclosing 
Denville Special Report #62 “A Technical 
Evaluation of the Perma Anti-Skid Control 
Based on Present Design" by John A. 
Lundin 


Memorandum to D. D. Marsden from R. S. 
Torello, dated Dec. 21, 1964 


SAE Booklet “Evolution of Sure-Track 
Brake System" 


Portion of Plaintiff's Pre-Trial 
Memorandum, Perma Research & Development 
Co. v. The Singer Co. and Meare Lonel 
Reasons Rendering the Perma Anti-Skid 


Device Unmarketable, dated Oct. 6, 1972 


Simulation of Perma Anti-Skid Device 
(24:1) 


Simulation of Perma Anti-Skid Device 
(12:1) 


Simulation of Perma Anti-Skid Device 
(18:1) 


Computer Simulation of Perma Anti-Skid 
Device, Gear Ratio 24:1 


Computer Simulation of Perma Anti-Skid 
Device, Gear Ratio 12:l 


Exhibit 
Binder Page 


E-568 


E-570 


Plaintiff's Exhibit 
Exhibit No. Description of Document _ binder Page 


129 (first Computer Simulation of Perma Anti- E-651 
3 stops) Skid Device, Gear Ratio 18:1 


130 Anti-Skid Control: General Descrip- E-657 
tion of Major Assemblies, dated May 
7, 1965 


Anti-Skid Control: General Description 
of Major Assemblies, dated May 7, 1965 


Vehicle Equations of Motions by A. 
DeVilliers 


Numerical Constants Used In Vehicle 
Simulation 


PX 133 with Additional Column of 
Letters 


Equation of Perma Device, A. DeVilliers' 
Model 


Numerical Constants in the Simulation 
of the Perma Anti-Skid Device 


SAE Paper Entitled “Tire-Road Friction 
Measuring System - A Second Generation" 
by G. Goodenow, T. Kolhoff, F. Smithson 


Statistical Abstract of the United States: 
Motor Vehicles 1972 


Diagram of Cam Gear 


Road Surfaces Denoted by 60 MPH Sliding 


Coefficient of Friction 
Annual Report, 1965, The Singer Company 


The Singer Company: Experimental and 
Test Data Sheet, dated Nov. 30, 1964 


Application for Patent #322,716 Entitled 
"Braking System and Anti-Skid Means There- 
for“, filed Nov. 12, 1963 


154 Ford Sure-Track Manual 
(at 23) 


155 Chrysler Service Manual, 1972 
(Chapter 5) 


VOLUME IIt 
I. Plaintiff's Exhibits Received In Evidence (Cont.) 


156 Cadillac Service Manual, 1973 
(Chapter 5) 


160 Plot of A. DeVilliers' Computer Simula- 
lation at 60 MPH, .75 mu, 12:1 gear 
ratio 


Plaintiff's Exhibit 
Exhibit No. Description of Document Binder Page 


161 Plot of A. DeVilliers' Computer Simu- E-985 
lation at 40 MPH, .75 mu, 12:1 Gear 
Ratio 


163 1969 New Model Yra’ning: Brake Systems 
Workbook 


II. Defendant's Exhibits Received In Evidence 
ES RECCIVEG in EVidence 


Defendant's 
Exhibit No. 


1 Soundtrack of Perma Promotional Film E-1017 
(Transcribed Nov. 14, 1973) 


Three-part Cardboard Display Entitled E-1927 
"Perma Anti-Skid Control" 


History of the Perma Research and E-1030 
Development Company, 1952-1962 


Letter from G. J. Saiustro of Ford E-1039A 
Motor Company to G. Lee Dienes of 

Perma Research and Development Company, 

dated June 15, 1964 


1964 Ford Test Results 


Letter from L. H. Nagler of American 
Motors Corporation to Roger Levesque, 
dated June 26, 1964 


Special Report No. 2, Confidential 


Two Field Reports: 1) From Roger 
Levesque and Tom Perrino to F. A. 
Perrino, R. D. Mainelli and J. 
Krawczyk. Installation of Steel Drive 
Gears in Connecticut State Police 
Cruisers. Westport Barracks and 
Bethany Barracks. 2) From Tom Perrino 
to F. Perrino, R. Mainelli, J. Krawczyk 
and L. Dienes. Connecticut State 
Police - Westport Barracks, c/o Safety 
Service Corp. Replacement of Plastic 
Speedometer Gear with Steel Replace- 
ment Gear, dated July, 1964 


Report from Roger Levesque to F. A. 
Perrino, R. D. Mainelli, J. Krawczyk, 
L. Dienes and S. Karp, dated Aug. 27, 
1964 


Affidavit of Frank A. Perrino, dated 
Nov. 18, 1969 


Letter from J. Gomes to R. A. Kloby, 
dated July 23, 1964 


Memorandum from A. Romel to C. W. 
Broeker re: “Gear Boxes" for Perm? Anti- 
Skid Units, dated Oct. 26, 1964 


Memorandum from A. Romel to C. W. 


Broeker re: Summary of Gear Box Test 
Results, dated Nov. 16, 1964 


vi 


= (3 


Defendant's Exhibit 
Exhibit No. Description of Document Binder Page 


115 Memorandum from A. Romel to C. W. E-1076 
Broeker re: Summary of Gear Box Test 
Results, dated Nov. 24, 1964 


Memorandum from A. Romel to C. W. 
Broeker re: Summary of Gear Box Life 
Test Results, dated Dec. 3, 1964 


Letter from Cecil S. Morris to S. J. 
Murphy re: Attached Report Outlining 
Singer's Position Under Manufacturing 
Licensing Agreement with Perma Research 
and Development Company, dated Oct. 21, 
1964 


195 Letter from S. Karp to Robert Patten 
(pages 1-4) of The Singer Company re: Estimated 
Budget Projection, dated Nov. 30, 
1964 


Letter from S. Karp to Ed Wright of 
Car Controls, Inc. Instructing Him 
to Withhold Perma Anti-Skid from the 
Market, dated Dec. ll, 1964 


Memorandum from A. Romel to C. W. 
Broeker re: Summary of Gear Box Life 
Test Results, dated Dec. 23, 1964 


Memorandum from A. Romel to C. W. 
Broeker re: Endurance Testing of 
Sensing Unit, dated Dec. 28,.1964 


Memorandum from A. Romel to C. W. 
Broeker re: Summary of Endurance 
Tests on the Sensing Unit, dated 
Feb. i, 2965 


Memorandum from A. Romel to C. W. 
Broeker re: Summary of Endurance 
Tests on the Sensing Unit, dated 
Feb. 10, 1965 


Memorandum from H. Hnojowy to R. A. 
Kloby re: Testing of the Pressed 
Metal Filters, dated July 12, 1965 


Report from P. Urbur, to A. Romel 
Entitled, "Effect of Low Temperature 
on .030/.032"Diameter Metering Valve," 
dated Dec. 1, 1965 


Letter from A. Romel to B. C. Person 
re: The Ford Motor Company Trip, 
dated March 15, 1966 


Letter from S. Karp to R. R. Patten 
re: Need to Replace Units Installed 
on Consumers', Stockholders' and 
Dealers’ Cars, dated Dec. 28, 1964 


Document Entitled “Perma Research and 
Development Co." 


Defendant's 
Exhibit No. 


417 


577 
(excluding 
appendices) 


595 


603 


653 
(Cover, p.7 
"Advanced 
Control 
Concepts" 
thru p.1ll to 
“Adaptive 
Steering") 


655 


Description of Document 


Memorandum from R. A. Kloby to C. W. 
Broeker re: Letter Dated Jan. 7, 1965 
from P. Phelps to S. J. Murphy 


Organization Announcement from D. P. 
Kircher, President of Singer, Announc- 
ing the Establishment of a New Operat- 
ing Division to Bring Together Most of 
the U.S. Units Primarily Concerned with 
Consumer Products, dated June 25, 1965 


Memorandum from B. C. Person to A. di 
Scipio re: Attached Study Plan for the 
Anti-Skid Control Prepared for the Use 
of the Study Team, dated July 26, 1965 


Letter from R. A. Wolf, Head, Transporta- 
tion Research Dept. of Cornell Aero- 
nautical Laboratory, Inc., to B. C. 
Person re: Suggestion for a Three-phase 
Program of Research, dated Sept. 1, 1965 


Letter from R. A. Kloby to B. C. Person 
re: Attached Engineering Evaluation of 
the Latest Modifications Submitted by 
Perma to Provide a “Fail-Safe" Feature 
in the Anti-Skid Control Unit, dated 
Nov. 16, 1965 


"Fail-Safe Analysis of Piston and Check 
Valve Modification", dated Nov. 10, 1965 


Memorandum from the Perma Anti-Skid 
Control Task Force to A. di Scipio re: 
Recommended Course of Action for the 
Perma Anti-Skid Control Program, dated 
Nov. 18, 1965 


Booklet Entitled “Technical Status 
Report - Perma Anti-Skid Device", 
dated July 22, 1965 


Investment and Expenditures for Perma 
Anti-Skid Device 


Letter from R. A. Kloby to B. C. Person 
re: Perma Program Inventory Attachments, 
dated Oct. 20, 1965 


Cancelled Singer Check in the Amount of 
$85,000.00 to the Order of Monitor 
Enterprises, Inc., dated Sept. 1, 1965 


SAE Document #690260, “Technological 
Development Directing the Path to Fully 
Automatic Vehicle Control Systems", by 
S. I. MacDuff, J. G. Rivard, E. J. Mc- 
Glinn 


SAE Document #710248, "The Chrysler 
*Sure-Brake' - The First Four-Wheel 
Anti-Skid System", J. W. Douglas, 
T. C. Schafer 


Exhibit 
Binder Page 


E-1166 


Defendant's Exhibit 
Exhibit No. Description of Document Binder Page 


656 Executed Copy of Technical Services E-1248 
Contract Between Perma Research and 
Development Company and The Singer 
Company, dated Dec. 21, 1954, With 
Cover Letter from F. A. Perrino, 
dated Dec. 21, 1964 


Due to Its Excessive Size, by Stipula- 
t’.%n Dated Aug. 7, 1975, DX 670 (Blue- 
print of Vacuum Container DC 17-342066- 
900X) is in the Possession cf Counsel 
for Defendant. DX 670 Will be Produced 
for the Court's Inspection Upon Request. 


"Perma Anti-Skid Detail of Sta: --Up 
Manufacturing Expenses July l - Dec. 
31, 1964” 


687 Employee History and Compensation 
Records (Top Page: Albert E. Romel) 


688 Article on Measurement of Tire Brake 
tp. 909 thru Force Characteristics as Related to 
p. 910 to Wheel Slip (Antilock) Control System 
feasurement Design by J. L. Harned, L. E. Johnston 
Methods") and G. Scharpf 


689 Article on Automatic Brake Proportioning 
(p. 298 "“Ab- Devices by Guiseppe Puleo 
stract", p. 
299 “Braking 
and Safety” 
thru p. 306, 
p. 317 “Auto- 
matic Regula- 
tion Devices" 
thru p. 318) 


700 1973 Edition of Ford Brochure Entitled 
(at 1, 123- "Car Buying Made Easier” 
124) 


708 Modified Plaintiff's Exhibit 129 
(cover, pp. 
ij: tae EMe 20 
275, Bly 38, 
35, 40, 44) 


III. Defendant's Exhibits Offered In Evidence At Trial And Rejected 


13 (id) Engineering Appraisal of "Perma" E-1298 
Anti-Skid Device, dated April 9, 1964 


335 (id) Memorandum from B. C. Person to S. E-1302 
Boriss, C. W. Broeker and R. H. Elman 
re: Discussions of Messrs. Romel and 
Person with Kelsey-Hayes, with Attach- 
mers, dated Feb. 15, 1966 


337. (id) Engineering Reports from The Ford Motor 
Company to A. E. Samson of Ford re: 
The Effectiveness of the Anti-Skid 
Control Unit as Evaluated by Ford 


ix 


Defendant's 


Exhibit No. 


510 (id) 


IV. 


Exhibit No. 


1 


oy Ds 6 
(p. 1 of 
Ex. A to 
Ct.'s Ex- 
hibit 5) 


6 


Description of Document 


Memorandum from J. A. Lundin +o J. W. 
Momberg of Singer re: Meeting at 
Denville Research Laboratory on Sept. 
30, 1965 


Memorandum from A Romel to B. C, 
Person re: Trip Report to Ford Motor 
Company, dated Feb. 17, 1966 


Letter from B. C. Person to C. PF. 
Bruder re: Information Reviewed with 
D. P. Kircher of Singer, dated Feb. 
25, 1966 


Letter from S. Linderman to P. DeRensis 
re: Plaintiff Counsel's Request for 
Perma Device - First Unit Delivered, 
dated May 16, 1973 


Letter from S. Linderman to P. DeRensis 
re: Plaintiff Counsel's Request for 
Perma Device - Second Unit Delivered, 
dated May 22, 1973 


Letter from H. J. Policinski, Patent 
Attorney for Kelsey-Hayes Co., to J. K. 
fagemann re: Every's Testimony, dated 
June 6, 1974 


Court's Exhibits 


Letter of P. R. Grand to J. K. 
dated Nov. 30, 1973 


Lagemann, 
Portion of Partially Executed Stipulation 


of Facts " 


Fully Executed Stipulation of Facts, 
dated June 24, 1974 


Exhibit 
Binder Page 
E-1326 


E-1336 
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BRAKES 


TABLE OF CONTENTS 


Subject Page No. 


THEORY OF OPERATION alee dans : ree 5- 
DIAGNOSIS 
SERVICE INFORMATION 
Bleeding and Adjustments 
Bleeding Brakes 
Rear Drum Brake 
Parking Br 
Stoplight Switcl 
Front Disc Brakes 
Rear Drum Brakes 
Parking Brakes 
Hydraulic Lines 
Brake Combir 
Carvicing Hose 


Brake T 


Power Brake Units 
Master Cylinder 
Tandem Diaphragm (Power Head) 


Specifications 
THEORY OF OPERATION—ELDORADO 
SERVICE INFORMATION—ELDORADO 
Specifications 
TRACK MASTER 
Theory of Operation 
Diagnosis 


Service Information 


wert IR LITA TEAS TUPTIT Dy epee int Tor peppy pepe meayoe von 


. ae ne te me a na 
- t-. tn lh AD imo Bb mnie + ell A ay ‘ 
on a. oe Me cone seh nts tall 


wad Lead in ecanes tnnes oe. 00 toned 


ry. 
he 


el 


5-2 BRAKES 


THEORY OF DPERATION 
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Single Piston Sliding Caliper Front 
Disc Brakes (Fig. 5-1 
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b. Caliper Assembly 
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inboard, sliding on the twe 
rests on the caliper housing, then apples a-force on the 
outer surface of the disc and together the two linings 


brake the car 


c, Brake Combination Valve (Fiy. 5-2) 


The combination valve is located on the frame side 


rail extension at the left side of the car. It is connected 


to the master cylinder by two lines. Two rear lines lead 


to the caliper assemblies and tl 


front line leading to the 


sar wheel cylinders. The combination valve incorporates 


ec function fohow 

i ing valve (hold-off section) po 
rates lines leading to the caliper assembles tering 
section of the valve limits pressure to the front dis 
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reached. There is no restriction ©. inlet pressures below 3 
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The power brake unit used on all cars consists of a 
tandem di phy sgn Vac powe ect und a dual 
hydraulic master cylinde 

The master cylinder is designed so that the front and 


rear service brakes have separate hydraulic systems. The 
f 


vides fluid for 


front section of the 
the front brakes, whil 


the rear brakes. Sh !aleak occur 


r rear sect promdes fluid for 


front hvdr 


lic system, the rear brake system will still fu 


lop a leak 


wise, if the rear hydraulic system shou 


then the front system would st function. Increased 

ake pedal travel and an instrument panel brake light! 
warns driver that such a condition may have o 
curred 


The hydraulic unit is completely sealed from the 
atmosphere by rubber seals in the master cylinder 
reservoir, Atmospheric pressure acts on o e side of the 


diapliragm type seul und reservou fluid pressure on tl 


other side. This arrangement permits the seal to | rllow 


the level of the brake fluid and prevents moisture 


absorption or dust contamination 


(Px 156, p 5<3) 
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plate 1 { ! pressur reated 
by np int t I } Va 1 nad atr phen 
D to assist the | | / ‘ 
f Brake Fluid 
There are v | dittere es between the tanden 
unit lon ‘ ; nared to that used , 4 
ied > tes | : : - to that used It is recommended that Part Number S46 4831 
on ott mod I tore, the two units should not Super Heavy Duty Brake Fluid or earivalent fluids meet 
be interchany ing SAE J-1703 specifications be useJ in Cadillac brake 
The | f mit utilizes iorter push rod and systems 
spec cal { , 
pecific ca ™ Brake fluid should always be stored in closed con 
s it \ bsort > fro ‘ sphere 
Brake Sto; light Switch taincrs, as it will absorb moisture from the atmosphere 
Moisture contamination of brake fluid causes the borling 
| The brake stoplight swit -h is mounted of point of the fluid to be !owered 


DIAGNOSIS 


1. Testing Brake System Testing Tool, J-23108, Fig. 5-4 


2. Disconnect power brake hose to vacuum pipe 

a, Vacuum Power Section from carburetor and attach the othe: cad of the wind 
1. Attach o } of spare winds! 1 washer pump shield washer pump inlet hose to this fitting. A coal 
inlet h to the t nearest t hut-off valve of Leak amount of silicone lubrican. will facilitate installation 


E-908 
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mercury pel 


pecificall | 


Master Cylinder Section 
(NOTE The 


Wfunetion 


roblem al ! t vi ese tests.) 


1. Check for : ee nder castir 
brake fluid arour 

Leaks are mdicated ly 1 ere is at least a drop of 
fluid. A dump spnormal 

2. Rapidly ¢ t pedal. A geyser should t 


| 


seen at front reservor the brake pedal is rapidly 
depressed 

a. If system fail heck for a binding pedal 
linkage and ypcorrect push ft rd adjustment, If both of 
these are satisfactory nble the master cylinder 
avd check for swolle r clongated primary piston 


seal(y). Also Nott 


Brake Leaks 


1. With engine runing at idle und transmission in 
! 


Neutral, depress brake px dul a hold foot pressure on 
pedal, If pedal yradually fall away ua ler foot pressure, 


hydraulic system ys leaking 


(NOTI 
ally as v 
system 


leaku 


d. Excessive Pedal Travel 
}. On 


column, f 


amount of 


to bh 
Note 6 
Be 


hamn 


ed 
» toe 


Fig. 55 Checking Brake Pedal Height 


e. Road Testing Brakes 

Brakes should be tested on dry, clean, smooth and 
reasonably level roadway which is not crowned. Rood 
test brakes by making brake applications with t oth light 
and heavy pedal forces at various speeds to determine if 


car stops evenly and effectively 


BRAKES 


a LC TC CLE LLL LLL LLL LLL: LLL 


2. Testing Brake Tell-Tale 
Light Operation 


Substandard or Contaminated 


Brake Fluid 


mp 
4 


Wher 
the front 


top il tt 
To 


step 2 


ef 
check 


of Ne 


then rubber 


may als 


» be 


} { 


cups on the @ 


deteno 


hydrauli 


with 


{ 


in th . 
rubber 


Jet 


enjorate 


level, the level in 


Mion 


t piston 


, disassemble ail 
Dry these parts 
keep alcohol out 

including 
mechanisms 


, replace lin 


ist seals a 


it conditions. Tf condition is not 


flush with brake 


4. Brake Hose Assembly 


rould be inspected for 

should be replaced if a 
fitting stated trom the he woaf the hose 
ruptured n, of blistered 

In the mt of dumay>. the position of the asset 

should be observed to dete: mine if the installation was 
mad operly. Check front brake hose by turning the 
whee ull both direcuons to determine if inter 
ference was the couse. Any interference could be the 
result of a wron ri orimproper install " 

If the hose y is wet, the area should be dried 
The brake syste ile actuated and the assembly 
ved for leakage or presence Nuid. Hf Mud app 

n the end fitting and the wl 

tion, the assembly should t 

fitting and the connection 

reign material. After cleam 
> part may be re-anstalled 

1 reappears, replac 

the part 

If fluid appears « e hose itself or at the junction 


the ho 1) nd fitting, the assembly should be 1 


5. Parking Brake 
Preliminary Checks 


It is not alwa pla 


brake assemoly rT i diaphragi 


of an inoperative ng brake automatic 


following *cks should be performed as part of y 


diagnosis to determine the cause and correction of park 
ing brake trouble and to eliminate unnecessary replace 
ment of parking brake components 

}. Check vacuum cylinder piston travel by running 
engine and moving transmission selector lever from Drive 
to Neutral. The manual release lew. snou'd move up and 


down as vacuum is applied 


and released. If nu movemer 
is observed, check vacurs system per steps 2 and 3. If 
movement is slow, (more than one or two seconds 
complete the full stroke) diaphragm ts leaking or hoses 
are partially pinched o; kinked. Vacuum diaphragm may 
be replaced as outlined in Note 21 

2. Check for damaged or kinked vacuum hoses and 
for loose hose connections at parking brake vacuum cyl 
inder, vacuum release valve at neutral switch, and at en 
gpne manifold connection 

3. Check adjustment of neutral switch and opera 
tion of vacuum release valve. Correct as necessary and 
recheck parking brake operation 

4. Check brake release with vacuum applied. If vac 
uum cylinder piston completes full stroke but does not 
release brake, a malfunction of the pedal assembly 14 
indicated. Replace complete parking brake assembly as 
described in Note 20 

§. Check opergtiion of parking brake with engine 
off. Parking brake should remain engaged regardless of 
transmission selector lever position. Hf not, replace park 


ing brake assembly 
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casein innaninencat ALLL LO 


BRAKE DIAGNOSIS CHART 


Tell-Tale Brake Light may 


| 
| 


rake 


Excessive B 


Worn Out Brab 


bacessive Brake 
Remove wit 
Heat Spotted 
Brake Drur 
Out-of-l 
drake Drut 
Out-of-Par 

i xcessive 
Paulty Au 
Incort 

Weak or li 


Restricted Brak 

Sticking Wheel Cy lir 
Improperly adjuste 

Switch or Cruise ¢ 

Dump 

Faulty Metering V 

Laulty Proportioning 

Brake Pedal Linkag 
Interference or Kinding 
Improperly Adjusted Parking 
Brake 

Improperly Adjusted M 
Cylinder Push Rod 
Incorrect Front lind 
Incorrect Lire Pressure 
Incorrect Wheel Bear 
Adjustment 

Loose rr ront Suspension 
Attachments 


Out-of i: lance Wheel Assemblies | 
Incorrect Hody Mount lorque 
Need to Slightly Increase or | 
5 


2 oe Gee eee Oe es ee seen Ge 


+—+— 


bed 


-—+ ani 
4 
| | |>e 

i. ee 


Dec scone eds) [ttort 


~ 


ee es ee ee a ae Eee Gf 
} oa ‘ 
_—— > a anne 
in 
bd 


| 
} 
Oy rator Kiding ¢ Pedal 
ding Weak t | 

Stic king Caliper or 
Neel Cylinder Paton | 

Indicates more probable cause(s) 
x" Indicates other causes 
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BRAKES 


SERVICE INFORMATION 


(NOTI For service 


information pertaining to the 


Eldorado, refer to the latter portion of this section.) 


BLEEDING AND ADJUSTMENTS 


one or more steps 

1 this poruion 

manu dicat t appropriate locations by 
terminology t i 5-2 prior to 


CAUTION / ast un bnportant attach 
ig part inf ¢ performance of 
vital components and § and/or could result 


in major re; ist be replaced with 


one of the r with an equivalent 
part if repla / s necessary. Do not us 
a replacement t of lesser quality or substitut 
design. Torq 
during reas bl » asst per retention 
this part 


used as specif 


6. Bleeding Brakes 


considerably easier 


must have a rubber diaphragm 
fluid to prevent 


ates from entering 


J-22489-1, seals the 
during the bleeding 
be bled with only 


brakes, check pedal travel as de 


“nbed part d. Rebleed or adjust brakes as 


necessuly 


CAUTION. Always use heavy duty brake fluid, 
part number S46 48201 or its equivalent to SAE 
J-1703 specifications 


Do not spill brake fluid on car finish or damage will 


result 


a. Pressure Bleeder Method 

1. Remove Master cyinider reservoir cover and seal 
assembly and fill both reservoirs with fluid 

2. Install Bleeder Adapter, J-22489-1 and cables 
J.22489-12, on master cylinder and connect bleeder 
hose to Bleeder Adapter Cover 

3 Install brake combination Valve Bleeder Retainer 

dso knot held closed 

4. Budd up pressure in bleeder, 30 Psi minimum 

cat is not equipped with Track Master pr weed to step 6 


§. Attach drain hose at bleeder fitting on modulator 


on Track Master cars. Back off fitting three quarter turn 
and bleed brake fluid into a partially filled bottle of 
clean brake fluid until bubbles stop, then close fitting 

6. Raise car being careful not to damage pressure 
bleeder equipment 

7. Bleed nght rear brake by attaching drain hose to 
bleeder fitting at wheel 

8. Back off fitting three-quarter turn and bleed 
brake fluid into a partially filled bottle of clean brake 
fluid until bubbles stop, then close fitting 

9. Repeat steps 7 and 8 on left rear wheel 

10. Attach drain hose to bleeder fitting on nght 
front caliper 

11. Back off fitting three-quarter turn and bleed 
brake fluid into a partially filled bottle of clean brake 
fluid until bubbles stop, then close fitting. During the 
bleeding operation, tap the caliper lightly avd repeatedly 
with a plastictheaded hammer 

(NOTE: Tapping the caliper is essential on dis 


brakes, as air bubble 


caliper.) 


tend to cling to the wall of the 


12. Repeat operation for left caliper 
13. After bleeding brakes, check pedal travel as d 
scribed in Note 1, part d. Rebleed brakes it necessary 


(NOTE: As indicated in procedure, brakes are bled 
in the following order) modulator (Track Master cars) 
right rear, left rear, nght front, left tront.) 


14. Lower car 

15. Remove Combination Valve Bleeder Retainer, 
J-23770 

16. Remove pressure bleeding equipment and check 
reservoir level. Level should be 1/8 inch to 3/8 inch from 
top 

17. Install master cylinder cover and seal assembly 

18. Before driving car, be sure a firm pedal is ob 
tained 


b. Alternate Method 

If s pressure bleeder is not available the following 
two man procedure may be used 

1. Fill both master cylinder reservoirs with brake 
fluid 


(NOTE: Keep reservoirs at least partially filled at 
ail times during bleeding operation. More pedal pumping 
is required during this bleeding procedure than on cars 
with drum brakes at all wheels. The fluid level in the 
master cylinder reservoirs should therefore be frequently 
checked.) 


2. Back off both master cylinder outle! pipe nuts 


one tum and completely depress brake pedal, catching 
fluid displaced from outlets in a cloth or can. Retighten 
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eee eel 
BRAKES 5-9 

, 

t 

pipe nuts berore releasing pressure on brake pedal. Re- 

| peat operation four times. Discard this fluid Refill reser- 

| yours 

j 


oo 


(NOTE: If car is not equipped with Track Master, 
proceed to step 4) 


3. Attach drain hose at bleeder fitting on modulator 
on Track Master cars, apply pressure to brake pedal, 
back eff fitting three-quarter turn, and depress brake 
pedal. Close fitting before releasing pressure on brake 
pedal Repeat pedal applications until bubbles stop. 

4. Raise car 

5. Bleed right rear brake by attaching drain hose to 
bleeder Qtting at whiecl 

6. Bpply pressure to brake pedal, back off fitting 
three-quarter turn, and depress brake pedal. Close bleed- 
er fitting before releasing pressure on brake pedal 
Repeat pedal applications until bubbles stop 

7. Repeat steps 4 and 5 on left rear wheel. 

8. Attach drain hose to bleeder fitting on right front 
caliper. 

9. Apply pressure to brake pedal, back off fitting 
three-qliarter turn, and depress brake pedal. Close bleed- 
er fitting before releasing pressure on brake pedal 
Repeat applications until bubbles stop During the bleed 
ing. uperation, tap the caliper lightly and repeatedly 
with a plastic headed hammer 


(NOTE Tapping the caliper is essential on disc 
brakes, as air bubbles tend to cling to the wall of the 
calipers.) 


10. Repeat operation for left caliper 
11. After bleeding brakes, check pedal travel as 
described in Note 1, Part d. Rebleed brakes if necessary 


(NOTE As indicated in procedure, brakes are bled 
in the following order: Modulator (Track Master cars), 
right rear, left rear, nght front, left front Do not rebleed 
rear brakes unless necessary. Any air left in system will 
generally be in front brake system, in which case bleed 
night front and then left front brakes.) 


12. Lower car 

13. Check reservoir level. Level should be 1/8 inch to 
3/8 inches from top 

14. Install mvaster cylinder cover and seal assembly 

15. Before driving car, be sure a firm pedal is ob- 
tained 


7. Rear Drum Brake Shoe Adjustment 


Although the hydraulic service brakes are self- 
adjusting, a preliminary et; wheel adjustment is neces- 
sary after the rear brake shoes have been relined or re- 
placed, or when the length of the star wheel adjuster has 
been changed during some other service operation Final 
adjustment is mde automatically by adjusters that func- 
tion when the car is moving backward. No mechanical 
adjustment is required when replacing front disc brake 
shoe and lining assemblies 

1. Raise car and remove rear wheels and drums if 
not already removed 
2. Check to make certain that parking brake cable 


TOOL NO 
J-21177 


Fig. 5-6 Inside Drum Measurement 


and linkage. including levers on rear secondary shoes, are 
free 

3. Measure brake drum ID. using inside caliper por 
tion of tool J-21177, Fig. 5-6 


4. Adjust brake shoes to dimension obtai ed on 
outside caliper portion of tool J-21177, Fig. 5-7 

5. Check brake fluid !evel in both master cylinder 
reservoirs. Fluid level should be approximately 1/8 to 
3/8 inches below top of reservoir. Add fluid if necessary 

6. Adjust parking brake as described in Note 8 

Install drums and wheels. Lower car 

8. Drive car alternately forward and backward, ap 
plying brakes moderately in each direction unti! pedal 
travel does not exceed specifications listed in Note 1, 


part d 


TOOL NO 
£21177 


ST niles ba beataia + nadaeiieluabidied 
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roximately 1.0 


with a ruler 


ind tighten 


equalizer felt on either 


wheel (rome “ ft hh turn of equalizer nut, 
ck tos 


ag should 
*veral times tt 


pert rmed parking 
3 anche yn 6B, 


es on 6L with 


BRAKES 


CRUISE CONTROL 
VACUUM BREAK 
RELEASE SWITCH 


CRUISE CONTROL 
ELECTRIC RELEASE 
SWITCH 


stoplight Switch Locatiar 


¢ on pedal.) 


9. Stoplight Switch Adjustment 


The brake stoplight switch and Cruse Control switch 
are adjusted in an identical manner. Push the switch well 
into the retaining clip. Pulling the brake pedal fully up 
to its stop will automatically adjust the switch Fig. 5 9 

Rotate switch 1/2 turn counterclockwise to be sure 
that stoplight switch or Cruise Control switch does not 
hold brake pedal on after adjustment. There should be 
free play between brake pedal and bracket when pedal ts 
pulled toward released direction from unapphed posi 
tion 


FRONT DISC BRAKES 


10. Disc Brake Relining (All) 


(NOTE k linw m brakes 
removed, (Tit 
checked by k 


wheels are 

lining may be 

ection hole in caliper 

When thicknes any < ning ibout the same as the 

thickness of the metal «, all shoe and lining assem 
bles should be replaced.) 


Remove two thirds of the total fluid capacity in 


reylinder rvour, Diseard fluid 


(NOTE: Removing the fluid prevents reservoir over 
flow when the piston is pushed buck in its bore to 


remove the caliper.) 


2. Raise car and remove front whecls 

3. Position 7 inch “C" clamp on the caliper so that 
solid side rests against back of caliper assembly. The 
screw end rests against back of outboard shoe, Fig. 5-10 

4. Tighten “C” clamp until caliper moves out far 
enous? to push piston to bottom of piston bore. This 
will reiease the pressure on shoe and lining assemblies 

§. Remove “C” clamp 

6. Remove two bolts using a 3/8 drive and Socket 
Assembly, that hold caliper to steering knuckle, Fig 
$-11. 


(NOTE: It 1% not necessary to remove brake hose 
when relining disc brakes.) 


BRAKES 


sleeve so tl 
flush with the 


18 


19 
so that the linin 


section of the caliy 
20 Positi ' } rT J18C al | ne ip 
hol nuckle, Make 
curvature 
o1 
ugh full movement of suspension and steeri 
21. Wipe all dirt and corrosion from th 
mounting its ) abra 
remove protective ating. Lubricate 
bolts with silice 
22. Start eithe lt e inboard car 
caliper and uit ste nuchle. At this 7 
necessary t re th > bolt passes 
remove cotter pin, } sta as vy nut and sh retaining ear on the inboard shoe to maintain the 
brake hose bie . ” pees aes position in the 
permit removal oO iliper without pull 23. Pas 


8. Re tw i iy nng the caliper and brake until the threa 


knuckle : caliper at mid support with a can be started steenng knu 
hook-shaj wire ned ) upper control arm 24. Repeat steps 22 
bolt into caliper asset 

25. Tighten 


CAUTION 


brake hos : é a : 
: and a Socket As lv, to 30 foot-pounds 


9, Removes fi } spring fron { 25, 29, 31 see CAUTION page 5-8 prior to Notc 6 

10. Remove or u rom calipe . Pump brake pedal to seat lining against disc 

11. Push tw eves from int d ears of the 7. Clinch upper ears of outboard shce by 
caliper * pliers with one jaw on top of upper ¢ 

12. Remov ) ibber hings, two on inboard jaw in notch on bottom of shoe, opposite upper ear, sce 
ears and two « itbourd ea Fig. 5-12 

$3; Exantine piston aren for Auid tesks by looking (NOTE: After clinching, there should be no radial 
for excessive mo around bo Check dust ' 

clearance between the shoe ears and caliper housing.) 

boot for cut s or othe amage wl 1 would 
affect its ab | piston bore leaks are present 
or boot show nage, caliy m werhauled as 
described in Note 13. 1f no cts are } wipe clean 
the inside of th ver including ir cars Where bush 
ings are installed pe the outside surface of the dust 
boot clear of all dirt so that when piston ' pressed to 
bottom of bore, boot will fold back withou, comi yut 
of groove in piston 


CAUTION: Do nat use air for cleaning caliper 
because of the possibility of unseating dust boot 


14. Examine both sides of dise for scoring or rough 
finish. Refer to Note 1§ to determit mndition of disc 


oe ml 
In normal usc, a slight ndge of rust may form on the STEERING 


1 KNUCKLE 


edge of the disc. This ndge may be removed with sand 
paper 

15. Make sure the piston is bottomed in the pistoy 
bore. Make sure the dust boot has folded back correety 
as the piston moved back 

16. Wipe out grooves in caliper cars and install new 
bushings 

17, Lubricate w sk on outer surface with 
silicone lubsicant. Install the sleeves and position the Fig, 5-11 Sliding Caliper Disc Brake 
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§ ms > ee ae tee ee no 
| ‘4 
| y 
| - 
| \. UPPER 
| PLIERS (12 : > Ae SHOE EAR 
} < \ y S 
| j 
- OA } 
sa y a | 
X ~~ | 
— } 
f | 
| es 
| } 
} 
| y , 
| CLINCHIN JOP EARE HOE 
| 
eee i hagas 
Fig. 5-12 € hir Outt 1 Shoe 
If t exists, repeat clinching proce 
' 
29. If work an Eldorad center brake hose 
! { 


upper ball joint nut to 60 foot 


30. Repeat steps 3 through 28 on other brake 
bly. Al t both f t brakes 

31. Install w lighten Wheel mounting nuts to 
130 foot po ] Ver 

32. Befo r t \ sump the brake 
pedal two or three t tour vedal 

33. Allow car weight to ipported on front 
wheels and u tf brake hoses for twisted condi 
tion. If correct 2 scribed in Note 24a and 
b. 

34. Check the n nder reservoirs and fill to 
1/8 to 3/8 inch from t 

35. Any time the front brakes are relined, the rear 
drum brakes should be checked 


36. Break in new linings as described in Note 11. 


11. Break-In of New Linings (All) 


New or replacement brake linings, if subjected to 
peeds under 50 MPH need no special 
er, the first few brake applications may 


noimal ussve at s 
break-in. Hov 
be somewhat erratic, and it may be necessary to stabilize 
the brakes before delivering the car to the owner. If 
brake action is crratic, one acceptable way to seat the 


brakes is to make five or ten moderate brake stops at 
speeds of 30 to 40 MPH, at approximately one-half mile 
intervals 


12. Disc Brake Caliper Assembly (All) 
a. Removal 


1. Remove two thirds of the total fluid capacity in 
the front master cylinder reservoir. Discard fluid. 


(NOTE. Removing fluid prevents reservoir overflow 
when the pistoa is pushed back in its bore to remove the 


caliper.) 


2. Raise car and remove wheels 


3. Position a “C" Clamp on the caliper so that solid 


side rests against back of caliper assembly. The screw 
end rests against back of outboard shoe, Fie. 5-10 

4. Tighten “C” clainp 
enough to push piston to bottom of piston bore. The 


til culiper moves out far 
clease the pressure on shoe and lining assemblies 


6. Disconnect steel brake line from hose and cap 


fittings to prevent dirt from entering brake line or hose 


7. Remove U-shaped retainer from hose fitting and 
withdraw hose from frame support bracket. On 
Fldorado remove upper ball joint cotter pin and nut 
Slide hose cl p off ball joint stud. On right side of Eldo 
rado remove clip located at frame side bar 

8. Remove two bolts using a 3/8 drive and Hex 
Setscrew Socket that hx 1 caliper to stecring knu kle 
9. Shide caliper off disc 


10. Remove inboard shoe from caliper 

11, Outboard shoe may have disengaged itself from 
caliper as culiper was removed from disc. If it did not 
disengage itself, remove outboard shoe 

12. Place caliper on clean workbench and remove 
hose and copper washer from caliper inlet fitting. Dis 
card washer 

13. Overhaul caliper as described in Note 13 


o7 


Inspection of Disc 


1. With caliper assembly off disc, inspect disc a 
described in Note 15 


c. Installation 

1. Connect brake hose to inlet hole on caliper using 
a new copper washer. Tighten to 30 foot-pounds maxi 
mum torque 

2. Make sure piston is bottomed in piston bore 
Make sure the dust boot has folded back correctly as 
piston moved back 

3. Secure clip-on spnng to inner shoe inside cutout 
section of piston. Install inboard shoe and lining assem 
bly. 

4. Place outboard shoe and lining in caliper so that 
lining faces toward disc. The two ears at ends of shoe fit 
over ears of caliper. Flange on bottom of shoe fits into 
cut-out section of caliper 

5. Position caliper on disc and line up holes in 
caliper ears with holes in steering knuckle 

6. Lubricate smaller ends of caliper bolts with sili 
cone Jubricant. 

7. Start either bolt into inboard ear of caliper and 
outboard ear of shoe into steering knuckle. At this point 
it is necessary to be sure that bolt passes under retaining 
ear on inboard shoe to maintain shoe in position in 
caliper, Fig. 5-11 

8. Pass bolt on through outboard ear on caliper until 
threads on bolt can be started into steenng knuckle 

9. Repeat steps 7 and 8 in placing remaining bolt 
into caliper assembly 

10. Tighten caliper mounting bolts to 30 foot- 
pounds 

11, Pump brake pedal to seat lining against disc 

12. Clinch upper ears of outboard shoe by position 
ing 12” plicrs with one jaw on top of upper ear and one 


jaw in notch on bottom of shoe, opposite upper car, Fig 
5-12. 


E-916 
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fe 


5“ TOWELS 


{NOTI 


clearance | 


13. If rad 


wl nd t 1 inting its to 130 
foot-pounds torque yr steps 10 and 14 see CAUTION 
on page § t ) 

15. Wit! sp n ne pe n (Front 
wheel straight and \ ‘ n front wheels) pass 
femal f hose through frame support bracket, 
allowi ¢ *k its own positior isert hex of 
hose fitting it t 2-point hole in support bracket in 


position 4st twist in hose 


(NOTI ynot twist hose any more than necessary 
during thi natural curvature is essential 
to maintain proper hose sion Clearance thro 


full movement of susper teering parts.) 


16. Install U-shaped retainer to sect > in frame 


support bracket. On ido install hose and clip on 
upper ball joint stud tall nut. Torque to 60 foot 
pounds and ir 

17. Inspect b u g stecring from stop-to-stop 
while observing hose position. Be sure that hose does not 
touch other parts at any time during steering travel. If 
contact does occur, remove hose retainer and rotate fe 
male hose end in support bracket one or two points in 
appropriate direction, replace retainer, and re-inspect 

18. Place steel tube 
and tighten to 20 foot-pounds maximum torque 

19. Bleed all brakes as outlined in Note 6 

20. Before moving car, pump brake pedal two or 
three times to insure a firm pedal 


mector nut in hose fitting 


13. Disc Brake Caliper Disassembly, 
Cleaning, Inspection and 
Assembly (All) 


Dissassembly 
Remove caliper assembly as described in Note 


Clean the caliper exterior with denatured 
alcohol 


bridge 


(NOTE 


piston whcr 


out of 
being careful O § tcl re, 5-14 
boot 
8. Using a plast vothpick, aemove p 
from groove in 


CAUTION 


Do not 
remove the seal, as it 


bore or groove 
9. Remove bleeder fitti 


from caliper asset 


b. Cleaning and Inspection 


1. Inspect the caliper brake hose for worn 


cracks or other signs of deterioration. Replace 


sary 

2. Inspect the piston for scoring, pitting, 
corrosion and worm or damaged chrome plating 
of these faults appear, it will be necessary to repl 
piston. 

3. The bore should be inspected for t+ same de 
fects as the piston with the exception of chrome plate 
Stains or corrosion can be polished with fine crocus 
cloth. Wash caliper bore with clean denatured alcohol. If 
the defects cannot be cleaned up in this manner, it will 


be necessary to replace the caliper 


PISTON 


| 
Ja” 


BRAKES 


BOOT INSTALLER 
J 42904\ 


Fig. 5-16 Installing Dust Boot in Caliper 


3, Remove wheel mounting nuts and remove wheel 
and tire 
4. Remove two bolts securing brake caliper to steer 


ing knuckle. Slide caliper off disc and use a piece of wire 


to attach caliper to upper control arm 


CAUTION: Never allow caliper to hang from 
brake hose 


so that inner 


diameter of b ‘ red boot fold faces 


away frome Aen t } Lf ‘ ) 
. 5. Remove dust cap, cotter pin, spindle nut, and 
(NOTE Do not use previ ved boot washer 


6. Remove outer cone and bearing assembly 
5. Lubncate sealing surfac f piston with brake 
1. Remove 


. ‘ ] hub and disc assembly from steenng 
fluid. Positior ton 1 e and press it down to ‘ 


knuckle spindle 
bottom of bore ake ¢ Just boot does not disen ee ; 
age from groowe it tor 
page / ( . b. Installation 

¢ ith positioned in caliper 1. Install hub and disc assembly on spindle 


ounterb OSILOT rot Installe 22904 ( 
nerd naehdl Installer, J » on boot 2. Install washer and spindle nut, tightening nut 


‘ " ' with fingers ° 
’] ' te f ean sushines j 7 » 
ve vpn RES: anes w bushings with silicone 3, Install caliper following Steps 3 through 10 of 
ibni tai nstall in caliper e3 
lubricant and install bus n caliper cars Note 12c. Pump brake pedal two or three times to insure 
8. Lubricate new with silicone lubricant and salt 
a firm peda 
4. Adjust wheel bearings as in Section 3 Note 17a 
Install wheel and tire and install wheel mounting 


and tap with a plastic hat 1 to seat boot, Fig. 5-16 


install in inboard caliper ear. Position the sleeve so urat 


end toward the shoe u ining assembly is flush with 5 


the machined surface of t 


: nuts finger tight 
9. Install caliper assembly as described in Note 1! 2c . . 


6. Raise car, remove jack and jack stands, and lower 
car 
14. Hub and Disc Assembly 7. Tighten wheel mounting nuts to 130 foot- 
pounds 
a. Removal 8. Install wheel disc 


1. Remove wheel disc and loosen wheel mounting 


nuts on side from which steering knuckle is to be re 7s. Servicing Discs 
moved 
2. Raise front end of car and place jack stands under When performing any service on front disc brakes, 


front frame side sail inspect the disc ventilation passages for obstructions 
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16. Rear Drum Brake Shoe 
Assemblies 


m 

lining and 
frum di 

*ct braking 


ntact be 


idequate 

linings 

2 Parts Dis 
juipment 

cate the 

whor end, as brake 


require accurately 


17. Relining Rear Drum Brakes 
(All Except 693) (Fig. 5-17) 


ind remove 


n equal 


pring 


preci 
wit! peci 


REAR DRUM BRAKE 


( . 


ty 


spring af | 


pin, cup I 


pawl 


WHEEL CYLINDERS 


PARKING BRAKE 
STRUT ROD 


“ 
. PRIMARY 


Eo PRIMARY TO 
SECONDARY o 4 
sag th . ;s SECONDARY 

. ‘<2 SPRING 

Orenatens ae STAR WHEEL 
‘ ADJUSTING 
PAWL RETURN SPRING SCREW 


Fig. 5-17 Rear Wheel Drum Brake Mechanism 
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narrow 


threads) must 


brake backing plate 
operating lever 


ut rod and spring on 


(NOTE ght 1¢ spring used on left side and 
white spring « right side ’ Springs are not inter 
change Spnn ab must be positioned outside of 
brake shoe web « I ) 


— 


Adjusting Krew 


Spring Wosher 


Pivot Nut 
Socket 


ex 


Thrust Wosher 


identification Grooves 


Fig. 518 Star Wheel Adjuster Disassembled 


es with wheel 
Id-down pin 


primary brake sh 


(NOTE: Maroon pnmary 
hold-down springs are used on the 
blies.) 

21. Positi actuating lever and pawl so that actu 
ating lever is ) nda ¢ shoe. Secu 


with nold-down { ecve >. and ¢ 


pring 
hor plate, ink, and secondary brah 


22. snstall an 
shoe retracting ng (yellow). For easiest instal 
first connect spr link then inst link on an 

Sprine mover and stler, J-8049 


certain 


25. Perform liminary service brake adjustment as 
ribed in Not 
26. Install 1 brake drums on rear axle shaft flange 
and secure with s 


27. Install wi 


Tighten wheel 
mounting nuts to 130 for 
(See CAUTION page $ 


28. Adjust parking 
18. Machining Brake Drums 


a. Warped or Scored 

Brake drums should be carefully checked to 
they have become warped or scored excessively. If tl 
appear salvageable and if suitable equipment is availabl 
they can be machined 

Drum machining is a precision operation. Equipment 
used for this purpose must be capable of maintaining the 
close limits specified. Be sure to install drum in the 
machining equipment correctly and to check runout of 
lathe spindle to insure accuracy of final machining 
eration. Inside drum diameter must not be machined 
over 12.060 inches on all cars except the Eldorado or 
11.060 inches on the El¢ «trado. Should brake drums be 
machined too thin, the i se heat that develops under 
severe driving conditions ill cause them to distort, 
crack or warp 

In addition, the specifications listed on page 5-31 for 
all cars except the Eldorado or page 5-44 for the Eldo 
rado must be held 

Replacement brake drums suppliec by your servicing 
Parts Warehouses are machine-finished at the factory be 
fore being shipped. They do not require any further fin 
ishing before installation, but they must be thoroughly 
cleaned with a non-oil base solvent to remove all traces 
of the oil or grease used for rust-proofing during storage 
and transit. Do ni vachine drums to roughen the hak 
ing surface. Use coarse emery cloth for this purpose 


b. Brake Shudder (All Except 693) 

Brake shudder may be experienced during light pedal 
application just as the car is braked to a stop. The shud 
der, sometimes called “footballing”, chatter, or surge 
may be caused by improper fit of the rear brake drum to 
the rear axle shaft, resulting from the mounting face of 


pd 


BRAKES 


clamped betwee { 
assembly. (Fig. 5-19) 
The entire pr 
Wipe drum inner mount 


lean of all metal chips. dust 


Install drum causing roughness or shu 


tween front hub, and wheel spid i r 
curing with five wheel attaching nuts. Torque nuts to 50 
foot-pounds, using a criss-cross pattern of tightening 

3. Turn drum on a lathe in usual manner that a 
front drum would be turned, Fig. 5-21 

4. After turning drum, unbolt assembly and remove 
drum. Drur is now dv for installation on car and 
roadtesting to confirm rection of brake roughness or 
shudder 

This procedur in be used for all Cadillac rear 
and all past model 
front drums regardless of the make of drum 


drums that exhibit brake shudder, 


WHEEL 
SPIDER 


Fig. &20 Assembling Spider & Hub To Drum 


Fig. 5-21 Turning Drum 


(NOTI Front drum 
assembled so 
these drums bet 


Though the front wheel, tire 
models can be removed trom the 
turned as an assembly on some lathes. it ts re 
the tire and wheel assembly be removed fron 
and the wheel spider be installed betore turn 
permits greater ease of handling and places ke 


on the drurn tathe spindle bearings 


19. Wheel Cylinder Servicing 


a. Removal 

1. Raise car and remove wheel and brake drur 
Blow ont dust and dirt from drum and lining 

2. Disconnect hydraulic brake piping from wheel 
cylinder 

3. Remove brake shoe retracting springs and link 

4. Remove two screws holding wheel cylinder 
backing "Icte 

5. [a gage wheel cylinder connecting | 
brake shoes and remove wheel cylinder 


CAUTION: Be sure brake fluid does not drip on 
brak: linings 


ks from 


b. Disassembly (Fig. 5-22) 

1. Remove connecting links and rubber toots from 
ends of wheel cylinder 

2. Slide pistons and piston cups from either end of 
cylinder 

3. Remove piston cups, spring and expander as 
sembly 

4. Remove bleeder screw assembly 


c. Cleaning and Parts Replacement 

With clean hunds, wash all parts except pistons tn 
clean alcohol. Wipe pistons with clean dry cloth. Inspect 
surface of cylinder bore and hydraulic passages. Replace 
wheel cylinder if any obstructions are observed tn holes 
or if there are any nicks of burrs in bore 


Ba PC 
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PISTON CUF 
SPRING 


WHEEL CYLINDER 


d. Assembly (Fig. 5-22) 


1. Install bleed ew assembly 
2. Install piston cup in one er 


toward center, and imstall piston with flat side 


Fig. 5-22 Whee 


f cylinder with lip 


cup 
3. Install rubber boot into er 
4. Instad spr 1 expander asse 
5. Install other piston cup, li 
piston flat sid ward t 
6. Install rema i 
inder 


e. Installation 

1. Position whe 
shipp y cyl { r-to-st e 
saine time 

2 
backing plate. Tighten to 15 


torque 


onnecting 


Install two screws holding 


wheel cylinder to 


pounds 


Je toward 


f wheel cylinder 


ward center. Install 


ylinder on brake backing plate, 
nks in pla 


(See CAUTION on page 5-8 prior to Note 6.) 


3, Install brake shoe retracting springs and «nk 


(NOTE 
and linings.) 


Avoid handling frictior 


surfaces of drums 


4. Connect brake piping to wheel cylinders 


5. Install brake drum and wheel assembly 
6. Bleed all brakes as described in Note 6 


20. Parking Brake Assembly 


a. Removal 


1. Remove steering column 


plained in Section 12, Note 41a 


2. Place parking brake pedal in release position Set 
» shift lever in Park position 


transnmiuss 


lower cover as ex 


at 


maxunum 


600T 
Cylinder Disassembled 
3. Working underneath car. remove yualizer nut 
and washer and separate cable stud from equalizer 
4. Disconnect parking brake vacuum hose at cyl 
inder 


§. Position carpet and left cowl kick-pad out of the 
way 

6. Working from under hood remove two parking 
brake assembly-to<owl mounting nuts 

7. Remove one brake asscmbly-to 
instrument pane! mounting nut and move asser ibly away 


parking 


from cowl 
8. Position brake pedal 
ing brake assembly is exposed and remove brake cable 


lever so that clevis on park 


end from clevis 


b. Installation 

1. Position parking brake pedal so that cle», is ex 
posed, and attach parking brake cable to clevis on park 
ing brake assembly 

2. Install parking brake assembly and secure to cowl 
with two mounting nuts 

3, Install one parking brake assembly-to-instrument 
panel mounting nut 

4. Connect hose to parking brake vacuum ¢ ylinder 

5. Replace cowl kick-pad and carpet 

6. Insert cable stud through equalizer, making sure 
the center cable is properly routed through equalizer and 
secured at C-shaped clamp, Fig 3-23 

7. Install washer and equal'ze; nut 

8. Adjust parking brake as described in Noie 8 

9. Check operation of automatic release 

10. Install steering column lower cover, as explained 
in Section 12, Note 41b, 


21. Parking Brake Vacuum Diaphragm 


a. Removal 
1. Remove parking brake assembly as described in 
Note 20a 
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PARKING BRAKE CABLE—— 


Fig. 5-23 Parking Brake 


2. Dill rivet that retains cylinder and 
embly 
3 etact ‘ onnects cylinder to manual re 


lease lever and remove cylinder 


b. Installation 
1. Position cylinder and bracket on parking brake 
rivet or bolt and nut 


assembly and secure with one 


2. Secure link to manual release lever 

3. Install parking brake assembly as de scribed in 
Note 205 

4. Test lo 
engine running in Neutral and Drive ranges 


(NOTH 
range with engine running, and should remain engaged in 
Neutral and Park voih engine running.) 


k and automatic release operations with 


Parking brake should release in any drive 


22. Parking Brake Cables (Figo. 5-23} 


a. Removal (Fron 
1. Release sar 


2. Disconnec 


ble) 


i at equalizer by removing 
equalizer nut and: Washer and separating cable stud from 
equalizer 

3 Remove U-shaped retainer at frame 

4. Remove U-shaped retainer at pedal assembly 

§ Remove cable end from parking brake assembly 
clevis 
and remove 


6 Pull cable through hole in frame 


from car 


Ne a 


nkage 


b. Installation (Front Cable) 
through hole in body 


end into clevi 


Insert cable 
Install cab. 
Install U-shaped retainer 
Install cable 


in pedal assembly 
| assembly 
grommet int >in body 
Insert cable through hole in frame 
Isstall U-shaped retainer 
Connect cable stud at equalizer by installing 
washer and nut 
8. Check operation of parking brake system and ad 


just if necessary as outlined in Note & 


c. Removal ~ Center Cable 
1. Release parking brake 

2. Remove equalizer nut and washer from cable 
stud and remove equalizer 

Remove retainer securing cable conduit at cross 

ad remove cable from bracket 

Remove wire gece from cross member 
Kemove retainer from right body bracket and 
cable from bracket 
Remove wire guide from ‘eft frame side rail 
Remove cahie {rom right and left connectors and 


remove cable 


d. Installation — Center Cable 
1. Install cable in right and lett 
2. Install wire 
side rail 
3, Install cable conduit in nght body bracket and 
secure with retainer 


connectors 


guide securing cable to left frame 


ee eee a 


Removal Rear Cables (Ali Cxcept Eldora 


do) 


control arm 


ulling rea 


ng and pawl lever from actu 
ating lever 
9 cmove cab J from operating lever, and re 


move ¢ 


f. Installation—Rear Cables (All Except 693) 
1. Route cuble end through rear of backing plate 
and install on operating lever 
Install pawl lever and pawl spring 
Position parking brake cable clamp against 
backing plate, securing with two screws Tighten screws 
to }] foot-pounds maximum torque 


Check operation of cable aud brake 


tend of cable 


CAUTION 
shoes by pulling on tt 


4. Route cable over top of rear suspension lower 


contro! arms 
! 


Insert cable through hole in control arm bracket 


and secure with clip 
6. Install cable end in C-shaped clamp 
7. Insert tr cable stud through equalizer hole 
and install e und nut 
d wheel 


§ described in Note & 


HYDRAULIC LINES 


23. Brake Combinution Valve 
(Except Eldorado) 


a. Removal 
1 Diseor 


lation 
Fositt ! 
Install t of valve 
Lower 


Install one brake pipe to front of valve and three 


mnectar to valve 


ed in Note ¢ 


Connect 


Bleed brab a desert 


(NOTi 
brake bleeding 1 be accomplished by allowing brake 
fluid to flow from the reat brake pipe nut at the valve 
Rack off this nut one urn and 


wacontawer until ai is elimunat 


When replacing a combination valve, rear 


catch fluid flow in actoth 


The front brakes should be bled at the calipers in the 
usual manner. Then, before driving car be sure a firm 


pedal is obtained.) 


24. Servicing Hydraulic Brake Hoses 
and Piping—(All Except Eldorado, 
Fig. 5-24) 


The brake system should be checked visually each 
time the car is lu ated When the car is raised on a hift 
for lubrication, brake lines, hoses, and cables should be 
inspected for proper attachment, leaks, cracks, chafing, 
deterioration, etc 

The brake hoses should be carefully inspected for 
cracks in the rubber cover (360° around) at either end of 
the hose near the fittings by flexing the hose while in 
specting it. Adequate lighting and a mirror are essential 
tools for a good inspection. This inspection is made 
easier by steering the wheels to a full turn and/or re 
moving the front wheels. If any cracks, chafing, or leaks 
of the brake hose are detected, the brake hose should be 


replaced 


a. Removai—Hydraulic Brake Hose (Front 
Wheels) 


1. Disconnect steel brake line from hose. Cap 
fitting to prevent dirt from entering brake line 

2. Remove U-shaped retainer from hose fitting and 
withdraw hose from frame support bracket 

3. Turn hose fitting out of caliper inlet and remove 
copper gasket. Discard gasket. If hose is to be reinstalled, 


cover end fittings to prevent dirt from entenng hose 


b. Installation—Hydraulic Brake Hoses (Front 
Wheels) 


1. Install new copper gasket on caliper end of hose 
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COMBINATION 
VALVE 


Fig. 5-24 Hydraulic Brake Lines 


(male end) Tighten hose in calipe let to 30 foot 


pounds maximum torque 


CAUTION Never tighten hose in caliper inlet 
with hose attached at frame ends as this will twist 
the hose 


2. With suspension ins 
straight ahead) pass iemale end of hose through frame 


il position (front wheels 
support bracke owing hose to s its Own position 
Insert hex of hose fi ting into the 12-point hole in sup 
port bracket in position that will result in least twist in 


hose 


(NOTE. Do not twist hose any 
during this rau 18 Its natural curvature is essential 
to maintaiw roper hose-to 


more than necessary 


uspension clearance through 
full movement of suspension and steering parts.) 


3. Install U-shaped retainer to secure hose in frame 
support bracket 

4. Inspect by turning steering from  stop-to-stop 
while observing hose position be sure that hose does not 
touch other parts at any time during steering travel. [f 


contact does occur, remove hose retainer and rotate 


female hose end in support bracket one or two points in 
appropriate direction, replace retainer, and reinspect 

5. Place steel tube connector nut in hose fitting 
and tighten to 20 foot-pounds maxiunum torque 


6. Bleed all brakes as outlined in Note 6 


c. Removal—Hydraulic Brake Hose (Rear 
Wheels 


1. Disconnect brake pipes from hose, Cap pipes to 
prevent entry of dirt of foreign mutter into system 

2. Remove retainer securing forward end of hose to 
bracket 


3, Remove screw securing hose to axle bracket 


d. Installation—Hydraulic Brake Hose (Rear 
Wheels) 


1. Thread rear axle pipes into hose 
Py 


2. Install brake hose mounting screw and torque to 
12 foot-pounds 

3, Pass forward end of hose through mounting 
in frame allowing hose to seek its own posit! 
barrel end of I fitting into barrel hole in n 
bracket and ins etainer 

4. Remove line caps and tighten pipe nu 
foot pounds maxunum torque 

5. Bleed brakes as descnbed in Note 6 


e. Removal—Hydraulic Brake Piping (Rear 

Wheels) 

1. Disconnect steel brake piping at rear wheel cyl 
inder fitting. Cap fitting to prevent dirt from entering 
wheel cylinder 

2. Disconnect brake piping at brake hose on axle 
housing 

3. Unbend from welded retainer(s) on axle housing 
and remove piping 

4. Remove screw securing pipe cleat to upper con 
trol arm bracket (R.H. only), remove piping 


Installation—Hydraulic Brake Piping (Rear 
Wheels) 


1. Install steel piping on welded retainers 
2. Connect piping at brake hose and tighten to 20 
foot pounds maximum torque 

3. Connect piping at wheel cylinder fitting, tighten 
ing to 20 foo -pounds maximum torque 

4. Bend welded retainer(s) over piping enough to 
secure, being careful not to damage broke piping 

5. Install screw and pipe curing piping to 
R.H. upper control arm bracke/ 


6. Bleed all brakes as outh 6 


25. Hydraulic Brake Tubing 


Hydraulic brake tubing is a double layer annealed 
steel terne plate tubing which resists corrosion and has 
the physical strength to stand up under the high pres 


: Drakes. In 


imended that 


le-lap flare the 
yperly fla ed 
will become 


replace brake tub 


CAUTION: When necessan 


mie always ul Ss} ial stecl tubing witi h is 
ted to will l hig r lr f ” 
rosion. Ordinary copper tubing | { satis ry 
and should not be used 
‘ 
| This safety steel tubing t be double-lar t 
| the ends in order to produce a strong leak-proof 
| Figure two piece tubing, one with 
single-lap flare “A i the other ble-lap flare 
“RB. It will be noted that the single-lap flare in “A”’ plit 
the tubing while ! me shown in “B"’ is well-formed 
and unbroken duc to the reinforcement of the double 
} wall 
The following procedure sh uuld be followed in mak 
ing up hydraulic brake pipes 
1} 


BRAKES 


SINGLE FLARE 


‘ 


Fig, 5-27 Preparing for Double Lap Flare 


26. Double Lap Flaring 


1 Cut the tubing to the desired length 

2. Cut end square and clean burrs from inside and 
outside of tubing to be fared 

3. Using Tool No. J-23530, unscrew compression 
screw until swivel cone is at its lughest point, swing strap 
to one side 

4. Open lever handle so it ts at right angle to rest of 
tool, and revolve hexagonal tube clamps to accom 
modate tubing. (Selection of six sizes) 

5. Be sure tubing nut is properly placed on tubing 
Insert end of tube between two blocks until level wit! 
top of gage, Fig. 5-26 

6. Insert proper pin ot gage into tubing and SWIng 
strap back in closed position Tighten compression scr 
until gage bottoms on tool, Fig. 5-27 then unscrew 
compression screw and swing strap lo one side. Remove 
gage. 

7. Swing strap back in closed position, then tighten 
compression screw to flare cone downward to complete 
double-lap flare, Fig. 5 28 

&. Unscrew compression screw and open smaller 


lever handle to remove tubing 
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27. Power Brake Unit / —~\ 
wee \ 
a. Removal ft eae \ det 


9 | t fared ! pits « "aaa a | ¢ Anne anaemia 
Ive ont of round which may ca k i adhe Se 
10. Blow tobu {wi {ry pr ! air to re Tae 
, : }* ‘ 
Hove any te 4 ut | »¢ ‘. 


z 5 
REAR BRAK 
te ! t hyd brake lines from master ~ A LINE 
: : ’ LINE 
cylinder, | 29. Cap line fittings to prevent dirt from } * hii | 
ntering brake line | a ij } 
2. Discor tv e fr heck | , 
valve on | er head 
} ae lower r as d t 
' cribeg in S ] ey 
| A Re ! her that attach powe apenas 
t ' } k R 
i ae { ring p Lee 
' nit t owl I 
| 6. Work i 1.1 t runit 
! 
Wn ! t bra i! 
rm. Ren I ped Fig. 5-29 ke U 
I 
2 
} : { I if ) { j \ 
1, an f kets and spacer from brake pedal art j u } taine 
engine yr ps 4 Tight four nutst thold the t 
b. Installation foot-pound 
1. Positi powe ' } and spacer to cowl (See CAUTION page 5-& prior to Note 6.) 
2. Working inside | r compart t. loosely 5. Install ste “ing column lower cover as d 
install f its | ae : in. ction | 41b 
i 
aC RETAINER 
Cc~ id 
(Ss 
| ( —RESERVOIR COVER 
ke * 


MASTER CYLINDER CASTING 2 rt 


SPRING RETAINER 2 S=--$ 
PRIMARY SEAL ee ws 
SECONDARY SEALS 40 
Tae ea FLOATING PISTON SPRING 
FLOATING PISTON sToP\ ¥, ia 
PPyMARY SEAL »-'  \ PROTECTOR WASHER 
| PRIVARY SEAL “sa "\ FRONT (FLOATING) PISTON 
! J mf.’ \ wy \ 
| VACdee 1 ght" “. ERTENSONY One DELCO MORAINE MASTER 
Si REI FIST, SERS? CYLINDER DISASSEMBLED 
SPRING RETAINER CHART DSB-7 


AR PISIO'N 
\ SECONDARY St. ¢ 


SNAP RING 


n 


Lid) MORAINE MASTER CYLINDER DISASSEMBLED 
CHART PB-71-4 


Fig. 530 Master Cylinder Disassembled 
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( ! vals m power 
« i lir 
Ke |i 
~ } t } \ scrip ' No t 


28. Master Cylinder Disassembly, 
Cleaning, Inspection and 
Assembly (Fig. 5-30} 


a. Disassembly 


(NOTE Ht is t raced t 
te wb wed | 
“ 1 car. Area r 
t line t fa t be kept 
) 
} D t fcap ft ind r brake li if 
! ( | 
) R b { tt hold yaster 
yl rt t j j \ te viind 
Pry t serv f 
! ! 1b brake fluid 
TV 
4 oR i ver 
Re f r op bolt from front 
Saiicd ve 
6. Re k ring f id of master cyl 
ti en , n assembly. Fig. 5-30 
Finn . J ia block of w 1 
until floating 5 n in bore and remove front 
al ne) f t et ind spring 
CAUTION Che progress f floating piston 
dropping in re to avoid striking piston on wood 


If floating 


pressed air thr 


ticks in bore, blow dry com 


ugh front brake outlet hole 


& r cylinder in vise with outlet holes up 
beng It to damage reservoir seal surface of cast 
ing 

9. Rem primary seal nary seal protector 
and secondary fcom the front (floating) piston 

10. Remove piston extension screw from center of 
loating piston stop and remove floating piston stop and 


spring from fear piston 


(NOTE 


body immediately under A 


It me sary, grasp the unfinished piston 
yntaining holes with a 


pair of pliers to remove piston extension screw ) 


11. Remove spring retainer, pramary se primary 
ind 


seal protector secondary seal from the rear piston 
b. Cleaning und Inspection 


mister cylinder bore for scoring, pittin 


or <tching. Any of these will require replacement of 
master cylinder casting 


2. Examine fluid reservoir for forcign matter, and 


check all passages for restrictions. If there is any sus 


nation or evidence of corrosion, com 


system, using clean brake fluid 


picion of contar 
plet.ly flush hydraul 


ase like silicone substance may be 


(NOTE: A gr 


found inside the 


> master cyli when it is be 


overhauled. This sut 


as a lubricant to provide smooth brake actuation. It isa 


normal condition anc 


ance is used by the manufacture 


need nog Be cleaned out of the 


master cylinder beiore reassembly.) 
3. Inspect floating piston for severe scoring, pitti 


or “'stortion. Any f these will require replacement of 


master «‘inder assembly 
(NOTE Floating piston may show a wear pattert 
howe’ do not replace assembly wilt »s wear ts severe.» 
4. Thoroughly wash ali parts (except the inside of 
master in sfean alcohol, including parts to 


be used in assembly of master cylinder but do not w ash 


silicone out of master cylinder 


kerosene, anti-freeze, 


CAUTION: Use of 
or «i, cleaner with even a trace of mine ral oil will 


damage rubber parts 


S. Use air hose to blow out all passages, orifices 
and valve holes. Air d J place cle 


ed parts on clean 
paper or lint-free cloth 
6. When overhauling a master cylinder, use all part 


furnished in master cylinder repair kit 


c. Assembly 


Be sure all parts are clean before assembling master 
cylinder. Do not let grease of mineral oil come in con 
tact with any rubber parts 

1. Lubricate rubber parts with clean brake fluid 


2. Install new secondary seal in center groove o 


floating piston. Lip of seal should face compensating 
F 8 


holes in opposite end of piston 

>. Install new secondary seal in groove at end of 
floating piston, back-to-back with secondary seal in cen 
ter groove, Fig. 5-30 so that tip faces toward that end 

4. Install primary seal protector and primary seal 
over end of floating piston opposite secondary seals. Seal 
protector seats against fl-.ge of piton that contains 
compensating holes, 1 flat side of seal seats against 
protector 

5. Install secondary seal in groove on push rod end 
of rear piston. Lip of seal should face toward com 
pensating holes in opposite end of piston 

6. Install priv eal protector and primary seal 
on opposite end « ar piston. Seal protector seats 
against flange of piston that contains compensating 
holes, and flat side of seal seats against protecior 


7. Position spring retainer on one end ci fear piston 
spring and floating piston stop on other end 

8. Position spring assembly on rear piston with 
spring retainer seated inside lips of primary seal 

9. Insert piston extension screw in center of float 
ing piston sop 

10. Compress primary piston spring and start piston 
extension screw in hole in end of piston, release spring 


ete 


E-927 
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“11. Position ret 
sition spring as embly 
seat inside lip of pr 

12. Coat master 
ondary sear 
13. Po 


open end 


| 
piston assem rly 4 
bottoms in bore 
14. Reposition ma 
end of bore is up 
15. Coat primary 
assembly with 
master cylinder bore 
16, Pressing 
rine in pr eint 
17. Install float 
servoir, tightening | 
18, Instal 
cover on master 
tainers 
19. Install ¢ 
nuts to 20 foot-pou 
20. In 


on car 


tall fre 


brakes 3 


SILENC 


PUSH ROD BOOT 


ER 


BRAKES 


ral and se 

ce fluid 

ise so that 
istall fl 


until assembly 


» that open 


rear pist 


Ybly into 


install lock 


front fluid re 
f 
que 


cover, f 


with bale-type re 


r head, torquu 


er head 1 


and bleed 


PRIMARY POWER PISTON SEAL 


‘\ 
\ 


yting 


lace 


POWER UNIT HOLDIN 
AND SEPARATING 
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29. Power Head Disassembly, 
Cleaning, Inspection and 
Assembly 


a. Disassembiy 


(NOTI enter of front and 
rear hous 
to facilitate t 


a 


resery 


ylinder reser 
r retainers, 
1 empty brake fluid 
from res 
R 


< bold 
wder to tro 


ister 


master cyl 


ylinder from 


us mount ng seal from 


front shell 


(NOTH 


\ 


J.2°8R4 


If Separating Fi is not avail 


J-9504 


Dy remove muster cyl 
S04 is to ised) 
er Unit Shell Holding and Separating 
nd Ff head. Fig. 5-31. Studs 
md studs on front shell 
against front shell 


ter cylinder | 


e 


t t to 
tise cpurator 


if J 


inder at th k 


1 Se 


Fixture 


wer on 
rear shell 
bar 


fro 


enypupe 
Se 


nuts 


k 


cure Mt 


cl shells 
ic 
ind pis 


and unlock 
ullies 


retusming plate 


Rotate bir count ockwris 
Back off on hold down clamp 
remove tront sh ‘| 


ton rod retainer, Fig. §-32 and 5-33 


« 


5 ntly 


i, return 


r Piston Disasse 


mbled 


uvien 


CAUTION 
phragms thi urn sp d n 


6. Remove 
front shell 

7. Remove 
move J-22884 from vise 

8 Remove dust boot 


vacuum check valve ¢ 


asseinbly from hold 


SECONDARY * 
DIAPHRAGM 


as rs 
SECONDARY 
POWER PISTON 
VENT na 


(wid 
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ews center of secondary power piston by 

tinue to turt lockwise ynd pushing down on nd of reachoa piston with a sm 
Tabs (“stops rt plate w ill tempo object, such as a pencil, wox len dowel or metal rod 
ranly lock primey r Jat t power pis 5-37 
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vt 
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| wer pist t 
t tit i | 5.38 
19. t i Haphrag 
pla Gr j { t 
} Raa y ; \ ele 
| ! f t I x9 
| 20.R | fiaplu / 
| port plat 
| 24.1 ! t 
| from tul 
| 22. { 
valy 
| 4. Clamy 
e and u k | 1-488 
} tre ne val hi j 
| Re ) i 
| iene 


L, 


) Pramary Ular 


Primary 
Piston! 


bh) 


a Power 


as 


22 Snap Ring 


Pliers J-4880 


plate 
y sup 
' 
§.33 
owe 
t 


od assembly will disas 


from air valve 


! 
valve push rod a *mbly is serviced as a complete 


ting control valve cannot be removed 


over end of push rod 


b. Cleaning and Inspection 


1. Thoroughly wash all parts in clean al ohol 


CAUTION. Use of gasoline, kerosene, anti-freeze 
my cleaner with even a trace of mineral oil will 


damage rubber parts 


2. Use air hose to blow o 
holes. Aw dry and place cleaned parts on 


it all passages, orifices 
and valve 
clean paper or lint-free cloth 
3 inside front or rear shell, 


loth or fine emery paper, 


4+ Inspect shells for scratches, 
scores, pits, dents or other d : ittecting rolling of 
sealing of diap! m or other Small unperiections 
may be smoothed out with fit rocus cloth 

; 1 all original par not being replaced by 
repair J distortion or excessive wear and 


chips, ¢ S$ necessary 


6. Use all + 


J replace ¢ 


its furnished in po head repair kit 


c. Assemb 


1. Lubric O” ring seal, Fig. 5-33 with silicone 
lubricant and place on air valve 

2. Wipe thin film of silicone lubricant on large 
and small O.D. of floating control valve 

3. If floating control valve ds replacement, it 


will be necessary to replace complete air valve push rod 


assemb! si floating control valve ts a component 
part of this assembly and cannot be disassembled from 
push rod 

4. Place air valve end of air valve push rod assembly 
into tube of primary power piston. Manually press air 
valve push rod assentbly so that Noting control valve 
bottoms on tube section of primary power piston 

5. Place floating control valve retainer (Fig. 41) on 
Control Valve Retainer Installer, J-23175. Place over 
push rod so that closed side of retainer seats on Noating 
With Installer, J-23175, manually press 


valve assembly to sear in 


control valve 
retainer and floating con 
primary power piston tube, Fig. 542 


AIR VALVE 
PUSH ROD ASSEMBLY 


RETAINER 
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LVALVE 
ARETAINER INSTALLER 
a 23175 
‘CONTROL VALVE 
RETAINER 


7 Is “9 


q 


rod limit 
ing control v 
7. The 
push rod ey 
tube Fig 5 33 
8. Using 


its air valve g 


(NOTI 
power piston 
threads may t 


9. Position rubber ‘ yumper on end of a 
valve 

19. Apply a light film of sihcone lubricant to OLD. of 
rubber rea nh Place di small cavity of the 
secondary p down to seat on 
feaction piston 

1}. Assemble ivy diaphragm to primary support 
plate from side of pl opy te locking tangs, Fig 
§-33. Press raised i ec on LD 
center hole of s ut plate 


phragm through 
s¢ of support 
plate center | 5 wove raised flange of dia 


phragm. Lubn diaphragm 1D urface of 


flange that fits into a groove in th y power piston 
with light cout of silicone lubricant 

12. Mount tl ng Fixture, J-23101, in vise, small 
jaws up. Position primary 


ower pistor wo radial 


P 
H 


slots in piston fit over jaws Of tool Fig 


13. Fold primary diaphragm away from O.L. of the 


20. Me 
ton hit over jaw 
silicone lubricant 
21. Fold se 


secondary 


tangs down 
plate assembly 
Flange of 1.0 
piston grooy 

23.Grip edges of mdary support plate, pre 
down, and rotate until! tabs on 
ondary power f y 4 1 ps on support plate Fic 
5-35. Fold secondary diaphragm back into position on 
secondary support plate. Leave secondary power piston 
assembly on Tool J-23101 in vise 

24. Apply ligl at of talcum powder of silicone 
lubricant to bead on O.D. of secondary diaphragm. This 
will facilitate assembly of tront and rear housings 

25. Place secondary diaphragm support nng on th 
secondary power piston assembly so it rests on edge of 
diaphragm 

26. Hol t 


on middle of divider stick up. Install seal so part number 


housing divider so the six impressions 


can be read from this side 


27. Lubricate 1.D. of secondary seal with silicone lu 
bncant 

28. Position Secondary Seal Protector Tool, 
J.23188, on threaded end of secondary power piston 
Fig. 5-43 

29. Hold the housing divider so the six impressions 
on middle of divider stick up. Press divider down over 
tool and onto secondary power piston tube where tt will 
rest against the diaphragm support ring. Remove Seal 
Protector, J-23!88. froma secondary power piston, how 


ever, do not remove se mndary power piston sub 
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38 


film of sil 
CAUTION 
39, Mount 


suppor 


wer pistor 
piston 
\ Haphyrae if » position on 
{ te and pull phragm O.D 
to be 


complete cir 


over 


ire bead on 


wt J-2310) 
OD 
piston cod retainer into 

so flat end 
ottom of cavity 


Wipe a 
of piston rod 


bottoms 


eal m rear housing 
enter hole fits 
The part number of 


eal with thin 


fread applying excessive lubricant 


Power Unit Holding and Separating Fis 


WY power | 


lace piston re 


t front 
we locked tn slot 

f shells will be in line 
shell by 


sure piston rod 


assembly on rear 
Check to be 


of retaining plate on pow 


' 
ng plate and power piston 


dary pow 


rin face of secre 
> bead on O.D. oF secondary 


edges of shells 


lor 
clamp 


rear sl 


on front shell an 
into | 
ig Pint 


bar clockwis 
head from Holding 
ur closed end of +r head t t 


push rod and over flange in center of 
rear housing and install boot retainer 


$0. Place power head as 


t 


embly in vi with front 


shell facing up. Insert master cylinder piston rod, fl 
end first 
§]. Press down on master ¢ 


seated 


into piston rod retainer 
rder ' ry 
yling pist 


sure it is properly 


Kemove front housing seal 'o assure that 


(NOTE 


no vacuum is in power head while gaging.) 


§2. Place Gage, J-22647, over piston rod in 9 pos 
tion which will allow gauge to be slipped to left or right 
without contacting studs. (Fig. $44) 


The center section of gage has two levels. The piston 
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SPECIFICATIONS 


All Series | 


Except Eldorado 


Swept bi 
Front 
Rear 
Lining Area (in 
Front 
Rear 
Wheel Cy! 
Rear 
Re ti 
Drums ( 
Remachimed D eter (maxis 
Worn Dn eter (maximum) 
Variatior 
Run-Out of fe Drum Diameter (maximum) 
Disc Thickne Refinished 
minimum Worn 


nder Bore 


Diameter (maxim 


Clearance Between Secondary Linings and Drums 
Lateral Run Out of Disc 

Flatness and Parallelism Between Frictional Su 
Lining Size (length, width, thickness in inches) 


Front 


Rear Primary 

Rear Secondary 

Lining to Shoe Attachment Method 

Brake Combination Valve 
Front Brake Cut-in Pressure 
Front Brake Blend Pressure 
Rear Brake Proportioning Pressure 
(except Limousine and Conunercial and Track Master) 
Rear Brake Proportioning Pressure with Track Master 
iPaceot Limousine and Commercial) 


Failure Warning Differential Pressure 


hae —— 


241 
189 


4? 
117 


15/16 
Ir 
12.00 
1? 060 
17.090 
0015" 
005" 
1.220° 
1.215" 
030" 
005" 
0007" 


Inner Shoe 193 x 43 
Outer Shoe 3 193 x 41 
?.50 x .24 

2.50 x .26 

Rivets 


130 psi 
650 psi 


41% above 350 psi 


41% above 470 psi 
100 300 psi 


sper a Cen he re ce ci a Taal 
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Foot 
Pounds 
1/2 ~2001 25 Max 
9/16—18 
ver Brake Pipe Nuts 3/8 —24, 20 Max 
7/16--24 
1/2 20 
(at Backing Plate) 5/1624 1} 
7/16-20 30 Max 
Rear Axle H g 7/16-20 40 Max 
‘ 13 


portant attaching part in tha; it could affect the performance of vital 
ir expense. ft must be replaced with one of wie same 
tif rer nent ( rs eX wry. Do not use a replacement part o; 


Torque values must be used as specified during reassembly to assure proper 
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THEORY OF OPERATION 


HUB AND DISC 


BRAKE LINE 


Fig. 5-50 Location of Components-Eldorado 


ans 
SPLASH __ x 
SHIELD 
| 
} e 
“| 
a | 
ket 
Y 4 
cc 
| 
(NOTI The t ng informa..on pertains only to 
the Eldorado, Fig. 5-50 


Single Piston Sliding Caliper 
Front Disc Brakes 


The single piston sliding caliper front disc brake «sed 
on the Eldorado 4 rviced in the same manner as those 
wstalled on other Cadillac cars. The following items are 


distinctive to the Eldorado 
Hub and Disc 


The Eldorado disc is loose mounted or “floating” as 


opposed to an integral unit on other cars The dise and 
hub are separate components so that disc replacement 
does not require replacing the hub and bearings. The disc 
is held in place by lug nuts and may be removed as easily 
as a brake drum once the caliper is removed. The disc is 
11” in diameter on the Eldorado only 


Brake Combination Vaive 


The combin alve is moun.ed on a bracket to 
the rear of the nue upper shock absorber mounting 
bracket and is secured to the frame side rail by two 
tapping screws. The operation of the brake combination 
valve is the same as all other Cadillac models 


SERVICE INFORMATION 


(NOTE The service information that follows per 
tains only to the Eldorado. For service procedures not 
given, refer to the forward portion of this section, as 
these procedures are the same as for the other Cadillac 
models.) 


30. Disc Assembly Removal and 
Installation 


a. Rervoval 
1. Raise car and remove front wheel 
2. Remove two bolts which hold caliper to steenng 


knuckle 

(MOTE. It is not necessary to remove brake hose 
from caliper when renioving dise Lor service ) 

3 Rer <e cotter pin, loosen joint upper ball nut 
and shp brake bh ollar out of its chp. The slack 
gained will permit removal of ¢ sliper without pulling 


hose 


4. Slide caliper off disc and support by a hook- 
shaped wire fastened to upper control arm 


CAUTION. Do not allow caliper to hang from 
brake hose. 


5. Mark a wheel stud and a corresponding place on 
the disc to assist in installation 
6. Remove the disc by sliding it off the hub 


b. Installation 

1. Inspect hub flange and disc mating surfaces to 
make sure that they are free of dirt and other foreign 
material, Clean as required 

2. If reinstalling orginal disc, align index marks on 
hub and disc and shde disc over hub pilot diamerer 
making sure that disc ts seated against hub flange 


(NOTE: If disc replacement ts necessary, the new 
disc may be assembled to the hub in any position It 
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Is Nol ne 
Posit 

per itt 
hose is nott ted. as ats natur f essential te 
mamta proper fi fo-Suspen sit clearance through 
full movement of su ns steering purts 

4. Wipe 1 dust rt rom the calipers 
mounting bolt ) vel es, uS they will rn 


move net r ends of bolts 


! 
with silteone tu 
S. Start ent 
per and inte 
necessary t 
taining Cut 


position u 


into caly 


(See CAUTION pax 
12, 13.) 


5-8, prior to NOTE 6 for steps 8, 


Inst rotors 
by positio 
ver ear and one 


opposite upper ear, see 


(NOTE: , After clinchir there should be no radial 


clearance between the shoe ears and caliper housing.) 


P).Uf radial che r exists, repeat clinching 
procedure 

12. Center brake ollar in clip and tighten ball 
joint nut to 60 foot-pounds. Install cotter pin 

13. Install wheels, tighten wheel mounting nuts to 
130 foot-pounds and lower car 

14. Allow car weight to be supported on front 
wheels and inspect front brake hoses for twisted 
condition. If necessary, correct as described in Note 34b 

15. Before moving the vehicle, pump the brake pedal 
two or three times to insure firm pedal 


31. Relining Rear Drum Brakes 
(Fig. 5-51) 


When brake reclining 1s necessary, it is recommended 
that tl omplet make ling and shoe assembhes be 
rephiced with new a ibhes. New lining and shoe as 
semblies are { iy ind to fit the drum diameter, 
minimizing the possibility of imperfect braking action 


due to wayped brake shoes or partial contact between 


th 
ae t 
Tl 


hnings an drum, This simplifies the complete relining 
operation and insures a satisfactory job for the 
customer 

Those Service Departments that have adequate brake 
shoe relining equipment may obtain linings, drilled and 
rvicing Parts Warehouses. Brake 
honing grinding equipment should incorporate brake shoe 


holders that locate the shoes accurately tn relation to she 


cut to size, trem thea 


RETRACTING ANC 
SPRING 


PRIMARY 

SHOE AND 

LINING 

HOLD.DOWN " 

cup 
PRIMARY TO PAWL RETURN 
SECONDARY STAR EEL SPRING 

WHEE 

SPRING ADJUSTER 

a = 

Fig. 5-51 Drum Braxe Mechanism-693 


anchor ¢ is brake anchors are not adjustable and re 
quire a t round linings 
1. Release parking brake. raise car. and remove rear 
I § 
wheels and drums. A clip nut on one whee! stud retains 


the drun ¢ hub during removal 


CAUTION: When handling brake drums, be 
extremely careful not to drop the drim or get 
brake fluid or grease on friction surface. 


Loosen parking brake cable locknut at equalizer 

3. Remove primary brake shoe retracting spring 
using Brake Spring Remover and Installer, J-S049 

4. Disconnect lnk at anchor, using Brake Spring 
Remover and Installer, J 8049. and remove link, sec 
ondary brake shoe retracting spring. and anchor plat 

5. Remove primary brake shoe hold-down cup 
spring, washer and pin. secondary brake shoe hold-down 
cup, spring. pin and sleeve 

6. Remove pivot pawl! and overnde spring as an us 
sembly. and remove pawl return spring 

7. Spread brake shoes and remove parking brake 
strut rod and spring 

8. Remove parking brake operating lever from sec- 
ondary brake shoe and remove shoe and lining as 
semblies from brake backing plate 

9. Remove star wheel adjuster and primary-to- 
secondary connecting spring from brake shoes 

10. Clean brake backing plate and all brake parts 


CAUTION: Make certain that hands are cleen 
when handling brake parts. Avoid handling jriction 
surfaces of drums and linings 


11. Torque nuts that hold basking plate to rear 
spindle to 30-40 foot-pounds torque 


(See CA! ION page 5-8 , 110 to Note 6.) 


12. Lubricate threads and socket of star wheel 
adjuster and points of contact between brake shoes and 
other brake parts with special heat resistant lubmeant 
available from servicing Parts Warehouses. Use sparingly. 
specially on brake shoe pad 

13. Thread star wheel adjusting screw completely in 
to pivot nut to permit installation of brake dum over 
replacement brake shoes 
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14. Install star wheel uster and = primary-to 
secondary connecting sponge on replacement brake 

hoes 

CAUTION far whee d ‘h three wide 

groove on O1 f pivut? left + 4 liread) are 

installed on right side of car, wn» those with 

three narrow groove (right hand thread) on O.D 

of pwot nut are installed on left side of car 

1S. Inst arking brah lever on sec 
ondary brak and ) 1 lining assem 
blies to t king f 

16. Install park brak trut rod and spring on 
brake sh 

(NOTE. Spring ty positioned against pnmary brake 
hoe web) 

17. Engage brake shoes with *} cylinder con 
necting | install primary brake shoe hold-down 
pin, washer, s ¢ (green) and cup 

18. Install anchor plate and position pivot, pawl and 
override spring us an assembly to secondary brake shoe 

b>. dost link and pawl return srzing and secure all 
parts to secondary brake shoe by installing hold-down 

ve 

20 Install secondary brake shoe hold-down pin 
pri mm) and cup 

aeew 1 prinury brake shoe retracting spring 
(grey) using Brake Spring Remover and Installer, J-8049 

22. Install secondary brake shoe retracting spring 
(blue) using Brake Spring R wer and Installer, J-8049 

23. Install rear brake drums and clip nut retaining 
drum to hub 


24. Perform manual service brake adjustment as 


described in Note 

25. Install rear wheels und lower car. Tighten wheel 
mounting nuts to 130 foot-po ts 

26. Adjust parking ake as described in Note 8 


32. Parking Brake (Fig. 5-52) 


a. Front Cable 
The procedure 


for removin the front 


22a and 22b 


and installing 


parking brake cable is described in Note 


respectively 


b. Removal—Center Cable 


l Release parking bake 

2. Remove equalizer nut and washer from cable 
stud and remove equalizer 

3. Remove cable from wire guide at center of 
torsion bur support 

4. Remove cuble from hook at right side of 


underbady 
5. Remove cable 
tear cul 
G.. Thread cable out of torsion bar 


through underbody bracket Renu 


from night and left connectors to 


Ws 
support and 


ve cabie 


c. Installation—Center Cable 


1. Thread cable through 
torsion bar support 


underbody bracket and 
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2. Install cable in right and left connectors 

3. Install cable in hook at right side of undetbody. 

4. Install cabie in wire guide at center of torsion bai 
support 

S. Install equalizer on cable stud and secure wit 
washer and nut 

6. Check operation of parking brake and adjus, as 
described in Note 8 


d. Removal—Rear Cable 
Release parking brake 
Raise rear of car and position on jack stands 
Remove rear wheels and drums 
Loosen equalizer nut und washer 
Remove cable from connector 

6. Remove clips retaining parking brake cable to 
lower control arm brackets on right and left sides 

7. Remove cable ends from parking brake operating 
levers, and remove cable ends from backing plates 


\UW WN 


e. Installation—Rear Cable 


1. Install jk backing plates and 
connect to parking brake operating levers. 


2. Install pawl lever and paw! spring. 


cable ends throug 


CAUTION: Pull on cable and check operation of 
cable and brake mechanisms 


arm brackets on right and left sides of car, and secure 
with clip 

4. Install cable in connector 

5. Tighteii equalizer nut and washer. 

6. Install drums and wheels 
mounting nuts to 130 foot-pounds 

7. Adjust parking brake as described in Note 8 


rear Tighten wheel 


33. Brake Combination Valve 


a.. Removal 

] Raise hood 

2. Disconnect wiring connector from valve 

3. Disconnect three brake pipes from top and one 
from front of val.e and remaining brake pipe from 
bottom of valve 

4. Remove two bolts securing valve to frame brack- 
et and remove valve 


b. Installation 

1. Position valve to frame bracket and secure with 
two bolts 

2. Install brake pipe to bottom of valve and one 
brake pipe to front of valve and three on top. 

3. Connect wiring connector to valve. 


(NOTE: When replacing a combination valve, rear 
brake bleeding can be accomplished by allowing brake 
fluid to flow from the rear brake pipe nut at the valve 
Bac off this nut one turn and catch fluid flow in a cloth 
of a container until air is elinunated 

The front brakes should be bled at the calipers in the 
usual manner. Then, before driving car, be sure a firm 
pedal is obtained.) 


4 Bleed brakes as described in Note 6 
5. Close hood 
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34. Servicing Hydraulic Brake 
Hoses and Piping (Fig. 5-53) 


Hydraulie presstre transferred to the wheel cyl 


inders through s brake piping, exible hoses, and a 
brake combination valve 

The steel brake tines and flexible hoses should be 
inspected every spring and fall for damage that may oc- 
cur from various road hazards 

While the Mexible hoses and steel piping require no 
periodic servicing, it may be necessary to replace dam- 
aged huses or piping in the following manner 


a. Removal—(Front Wheels) 


1’ Disconnect steel brake line from ho iT 
bracket by turning stcel tube fitting out g 
Cap fittin revent dut from entering b 

2. kerrove U-shaped retainer from h , al 


frame support bracket and remove hose from oracact 

3, Remove cotter pin and nut securing upper ball 
joint to knuckle and remove clip securing brake hose to 
ball joint stud 

4, Hf night front hose is being replaced, remove clip 
retaining hose to frame 

§. Turn hose out of inlet fitting of caliper and se- 
move and discard copper gasket. If hose is to be reused, 
cap end fittings to prevent dirt from entering hose 


b.  Installation—(Front Wheels) 

1. Install new copper gasket on caliper end of hose 
(male end) 

2. Tighten hose in caliper mice to 30 fuot-pounds 
maximum torque 


CAUTION. Never tighten hose in wheel cylinder 
inlet with hose attached at frame end, as this will 
wis! the hose 


3. Install brake hose clip on upper ball joint stud 
and jistall ball joint retaining nut on stud. Tighten ball 
joint nut finger tight 

4. With suspension in normal posinor (front wheels 
straight ahead and “ront suspension at normal standing 
height) pass fee. end of hose through frame support 
bracket, allowing hose to sev. ** own position. Insert 
inex of hose fitting into ii it hole in support 
bracket in the position that will result in least twisting of 
hose 


{NOTz: De not twist hose any more than necessary 
during this operation as its natural curvature is essential 
to maintain proper hose-to-suspension clearance through 
full movement of suspension, steerin? and driving parts.) 


5. Install U-shaped retainer to secure hose to frame 
support bracket 

6. If right front hose is being replaced. install clip 
securing hose to frame 

7. Inspect by tiening wheels from stop-to-stop 
while observing hose position. Be sure that hose does not 
touch any other part at any time during steering travel 
If contact dues occur, remove hose retainer, and if neces- 
scry loosen upper b t nut, and reposition hose as 
nevessary Replace , tighten ball joint nut finger 
tight, and reinspect 


8. When hose is properly positioned. torque ball 
joint nut to 60 foot-pounds mimmum 
(See CAUTION page 5-8 privr to Not 6.) 


(NOTE: If cotter pin cannot be installed, ughte.. 
nut to next hole and install cotter pin.) 


CAUTION: When instal’ing cotter pin, make sure 
ends of pin are pinched right against flat of nut 
DO NOT lect end of cotter pin extend down to- 
word outer drive axle seal 


9. Install steel brake line fitting inio brake hose 


at frame support bracket and tighten fitting to 20 foot 
pounds maximum torque 
10. Bleed brakes as described in Note 6 


ec. Removal—Hydraulic Brake Piping (Rear 

Wheels) 

1. Disconnect steel brake piping at rear wheel cyl 
inder fitting. Cap fitting to prevent dirt from entering 
wheel cylinder 

2. Disconnect brake piping at brake line junction 
fitting on rear axle 

3. If left brake pipe is being removed, bend clip 
open and remove pipe 

4. If right brake piping is being removed, bend clips 
open and remove piping 


d. Installation—Hydraulic Brake Piping 

(Rear Wheels) 

1. Position brake piping to :ear axle and hand start 
tube nuts into wheel cylinder and junction block 

a. If right brake piping is being installed. bend ctips 
over pipe, retaining piping ta rear axle 

b. If left brake piping is being installed, bend chip 
retair ing piping to rear axle 

2. Tighten piping to brake line junction fitting on 
rear axle, tighten to 20 foot pounds maximum torque 

3. Tighten brake piping to rear wheel cylinder fit 
ting, tighten to 20 foot-pounds maximum torque 

4. Bleed all brakes as described in Note 6 


e. Removal—Hydraulic Brake ‘4ose (Rear 
Wheels) 
1. Disconnect steel brake pipe from hose. Cap pipe 
2. Remove retainer securing forward end of brake 
hose to frame 
3. Remove bolt from junction block on axle 
4. Disconnect rear axle piping from junction block. 
Cap p/nes. 


f. Instatiation—Hydraulic Brake Hose (Rear 

Wheels) 

1. Connect rear axle piping to junction block 
Tighten fittings to 20 foot-pounds maximum torque 

2. Bolt junction block to axle. 

3. Pass female end of hose through frame allowing 
hose to seek its own position 

4. Install retainer to secure hose to frame 

5. Place steel tube connector in hose fitting and 
tighten to 20 foot-pounds maximum torque 


CAUTION. Do not allow hose to twist out of its 
normal position 


6. Biced all brakes 2s described in Note 6 
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TORQUE SPECIFICATIONS—ELDORADO ONLY 


Sa . Foot 
faterial Application Size Pen 


Number 


280M Bearing Retainer/Splash Shield to Knuckle 3/8-16 30 


286M *Brake Backing Plate to Rear Axle Housing ....... 35 
Upper Ball Joint Nut age peck cele ere ARE 60 


For other Torque Specifications Refer to Page 5-31 


(NOTL: Refer to back of Manual, Page 16-1, for bolt and nut markings and steel classifications.) 


*CAUTION.— This fastener is an importavt attachi — vart in that it could affect the performance of vital compo 
nents aud systems, and/or could result i mayor repair expense. It must be replaced with one of the same part 
number or with an equivalent part if replacement becomes necessary Do not use a replacement part of lesser 
quality or substitute design. Torque values must be used as specified during reassembly to assure proper retention 
of this part 


SPECIFICATIONS 


aa 7 


Item Eldorado Series Cars 


Swept Braking Area (in square inches) 
Front 
Rear 
] Area (in square inc hes) 
Front 
Rear ; 
Wheel Cylinder Bore 


Front 
Rear ‘ 
Drums (inside diameter) ; : 
Remachined Drum Diameter (maxunum) 
Worn Drum Diameter (maximum) ; 
Variations of Inside Drum Diameter (maximum) 
Run-Out of Inside Drum Diameter F 
Lateral Run-Out of Disc on Hub (Maximum era 
Flatness and Parallelism Between Frictional Surfa +s of Disc 
Minimuin Dise Thickness 2 E. 
Lining Size (length, width, thickness in inches) 
Front 


Rear 
Primary 
Secondary mar 
‘aning to Shoe Attachment M>"hod 
eke Combination Valve 
cont Brake Cut-in Pressure 
t cot Brake Blend Pressure 


Rar Brake Proportioning Pressure Except with Track Master 


Fear Brake Proportioning Pressure with Track Master 
ailure Warning Differential Pressure 


2-15/16" 
15/16” 
11.00” 
11.06" 


Inner Shoe 5.4x1.93x. 
Outer Shoe $.4x 1.93 x 


" 9.00 x 2.00 x .20 
12.00 x 2.00 x .29 
5 et Rivets 


130 psi 
oie eee 
41% above 350 psi 
41% above 470 ps 

100-300 psi 
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37. Wheel Speed Sensor (Fig. 5-80) 
(Eldorado Only) 
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rh i ly conluns ri iped permanent init ts und coils of 
wire. The whole assembly bolts to the brake backing ploie. 
J bl 


The wxle turns and the tecth on the rotor move pst the tecth on the stator. When 
the rear wheels reach a speed of about 3 mph, the fi 


Id around the magnet fluctuates 


and this sets up an electric current in the coil. AC voltage pulses are generated in 


) 
proportion to the speed of the rear wheels. These pulses arc transmitted from - 
the sensor by wir to the control module. Refer to Ficure 4 

v 
Notice that re five pl ockct the mo Th r¢ the leads to the 
actuator, t I ! er urc The individ connecto} re shapcd to fi 
only on t 8) ) t pt to torc i connector into t rong socket 
It's here that l ( format he f of current a contir l 
monitors 1 It operates on th 1 of the signals from both rear 
wheels WI th { tl ignals dre bel pre-determin level due to 
deceleriat , the mo ms to th tuator solenoid und ¢ 1nd 
it to rel e brake Then, wh wheel ration in increases, the a 
modulator shut t tl and ‘ rviz ing the br 

\ 
° 

to reapy cycl { event re tir t } 


the velvic id t t 4 mph 

4 
There i fail-sufe feature built into the module which calls for a continuou 
Sequence of cvents to occur. Should one of the events fail to occur, the modulator 
will take the skid control out of the system. Also, there is «time delay switch 


mounted on the actuator which will take the rear brakes out of the system should a 
lock-up of more than 60 seconds occur. In cithcr ease, the module will send a 


sigral to the bi warning light. Refer to Figure 5. 
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thercfore there's a difference in pressure on the two sides of the diaphragm. This 
pressure differential overcomes the spring and forces the diaphragm forward and 


of course, the piston rod moves forward with it to close the brake chamber valve. 


Then, the volume of the pressure chamber grows, decreasing the rear brake line 


pressure which in turn releases the rear brakes. With the actuator in the activated 


position the rear briukes are isolated from the rest of the system. 


As the rear wheels spin up, the control module releases the signal to the solenoid 
and the solenoid valve returns to its original position. Vacuum is again drawn 
behind the diaphragm and the spring returns the diaphragm rearward. The piston 
moves back into the pressure chamber, opening the brake chamber valve, thus 


reapplying rear brake pressure. 


The actuator continues this cycle up to four times per second until the vehicle speed 


It is possible thit the skid control system may never be used even if it is installed 
onacar. But even if its used a few times during the life of the car, it must he in 
good working order when it's needed. To keep it in working order, a circuit is pro- 
vided from the ignition switch to the control module so that every time the ignition 

. 


switch is tured on, the control module commands the actuator to go through one 


cycle. This one cycle lubricates the hydraulic scals and prevents potential leaks. 
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The following component replacement procedures are provided as preliminary informa- 
tion to familiarize you with the complexity of servicing the skid control system. This 


is not final information and is subject to change. 


Brake Skid Contro! Actuator 


Removal 

1. Working in the passenger compartment, under the glove box, remove the 
screw thut attaches the forward end of the control module retuincr to the 

; teen assembly. Lower the forward end of the control module retainer and 

remove the module assembly. 

2. Disconnect the actuator solenoid and warning switch harness connectors from 
the control module. 

3. Remove the two wiring harness grommets from the dash panel and push the 
wiring harness and connectors through the openings in the dash panei 

4. Working in the engine compartment, loosen the hose clamp and remove the air 
hose from the air filter. 

5. Remove the engine air cleaner. Loosen the hose clamp and remove the vacuum 
hose from the vacuum manifold fitting. 

6. Raise the vehicle on a hoist, 

7. Disconnect the exhaust pipes from the exhaust manifold and support with wire 

‘ 

to provide access to the actuator assembly. 

8. Remove the bolt retaining the actuator ground wire at the rear outer corner oi 
the engine right bank. 

9. Loosen the tube nuts and disconnect the brake system hydraulic tubes from 


the hydraulic valve housing. 


BR-15 | 
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brackct. 

11. Remove the three bolts that retain the actuator mounting brackct to the side 
rail and remove the mounting brackct. 

12. Remove the actuator assembly from the vehicle and place it on a bench. 


13. Remove’the uir and vacuum hoses from the actuator. 


Installation 
1. Install the air and vacuum hoses on the new actuator, 
2. Place the actuator assembly into position under the vehicle, routi. the air 


and vacuuin hoses up between the engine and fender apron and inserting the 


solenoid leads through the holes in the dash panel. 

3. Position the ground wire to the rear of the engine block and install the retaining 
bolt. 

4. Position the actuator mounting bracket to the frame side rail and install the 
three retaining bois. 

5. Position the actuator assembly to the mounting bracket and install the three 
retaining nuts. 

6. Connect the hydraulic tubes to the hydraulic valve assembly and tigliten the 
tube nuts to 8-15 ft-lbs torquc. 

7. Connect the cxhaust pipes to th. exhaust manifolds. 

8. Lower the vehicle. 

9. Pull the actuator solenoid and brake warning switch wiring harncss through 
the two holes in the dash pancl from inside the car. Scat the wiring harness 


grommets in the dash panel, 
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BRAKE SKID CONTROL SYSTEM 


10. Connect the actuator solenoid and brake warning switch wiring harness con- 


nectors to the control modulcs. 


11. Position the control module in the bracket under the glove box and install the 


retaining screw. 

In the engine compirtment, cunnect the air hose to the air filter and position 
_the hose clamp. 

Connect the vacuum hose to the engine vacuum manifold ‘itting. Instail the 

engine air cleancr. 

Bleed the rear brake system and centralize the pressure differential valve. 

Raise the rear wheels. Apply the brakes with the rear wheels turning to 


verify proper operation of the skid control system. 


ke Skid Control Modulc 

Removal 
Remove the panduit strap holding the harnesses. 
Remove the screw that attaches the forward end of the control module retainer 
to the support assembly. 
Lower the forward end of the control module and retainer from the support 
kenny move the module and retainer ferward slightly untii the flange 
clears the slot in the support assembly. 


Disconneet the five wiring harness plugs 1rom the control module. 


Remove the control module from the vehicle. 


Installation 


Conncet the five wiring harness plugs to the control module. Only onc 


- 


arrangement is possible. 
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markings on it, and insert the retainer flange into the slot at the rcar of the 
support assembly. 

Pivot the retainer and control module upward and align the screw hole in the 
forward cnd of the retainer with the hole in the support bracket assembly. 
Install the retaining sercw. 

Test the vehicle on the hoist to verify correct operation of the skid control 
system, 


Piunduit strap the wiring to the module support extension. 


Brake Skid Control Sensor 
Removal 

Raise the vehicle on a hoist. 
Remove the rear wheel and tire assembly. 
Remove the three Tinnerman nuts and remove the brake drum. 
Disconnect the sensor lead from the rear wiring harness. 
Unseat the sensor lead grommet, pushing it to the inside of the brake assembly. 
tcemove the four nuts that retain the sensor to the backing plate and pull the 
axle shaft, sensor assembly and wheel bearing assembly from the axle housing. 
Press the whecl bearing retainer and wheel bearing off the axle shaft.” 


Remove the sensor assembly and press the rotor off the shaft. 


a 


Installation 
Press a2 new rotor onto the axle shaft. Install a new sensor assembly on the 


shalt, and press the bearing and bearing retuiner onto the shaft. 
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Insert the axle shaft assembly in the rear axle housing onto the four backing 
plate retaining bolts, feeding the sensor lead through the hole in the backing 


plate. 


3. Seat the scnsor lead grommet in the backing plate. 


, 


4. Install the four nuts on the retaining bolts and tighten to 50-75 ft-lbs torque. 
Connect the sensor lead to the rear wiring harness and install two panduit 
strips, 

4 ‘Install the rear brake drum and retain with the Tinnerman drum retaining 
Nuts. 
Install the rear wheel and tire assembly and tighten the wheel nuts to 70-115 
ft-lbs torque. 
Test the vehicle on the hoist to verify proper operation of the skid control 


system. 
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A new feature for the 1969 Cougar is the revised 
brake pedal support. To remove the brake pedal on 


a Cougar with manual~shift transmission, you must 


ee 


remove the steering column, disconnect the clutch 


> pedal and brake pedal linkage, and remove the brake 
f pedal support from the vehicle. 
\ : 
~ : 
a Ls 
A: yt = ‘\ : Cougar also has a new foot-operated parking bra.e. 
1s \ 
‘ a} —h yet. pez § } 
‘ ; i y 
' o.: Seep <4 ; 
. Ne ° 
Cf <= oy CD 
“ SNES | et Or There's a new cable-operated brake release on all 
gage 
Bate ~ PY SS 
yom» = full-size Mercurys. 
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In 1969, the 11-inch diameter linkless brake booster 
will be installed in the Mark II. This booster is 
the single diaphragm type and service procedures are 


the same as for other brake boosters. 


Disc brakes on full-size vehicles will incorporate a 


unicast rotor and hub assembly. 


There's a new bearing cup removal tool (T69L-1102-. 


released for this service operation. 
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INBOARD SHOE FIT [TO ANCHOR PLATE 
Wee Vi 09 
qtaeemes 
we 


‘| eo Disc brakes will also have redesigned linings in 1969. 
S32 
( if ; { Inboard shocs wili be slightly shortcr providing morc 
r aten. 


-- YY room for expansion between the anchor plate bosses. 


OUTBOARD SHOE AND LINING ASSEMBLY 
ee v5 1769 


ver 
tee ene a i ; . 
a i ee. The outboard linings will be considerably longer. This 
FY *s fm tine es em 
ane, ie means better performance and longer lining life. 
wer a a a ng 


Disc brake splash shie'ds are vented more effectively 
in 1969. The vents force air onto the rotor and thus 


provide better cooling. The vents on full-size vehicles 


will be star »ed into the splash shield. 


The vents are welded to the splash shield 2ad are con- 


“y ei Jerably larger. 
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Police units will utilize two-picce vented splash shields. 


WITHOUT SKID CONTROL 


oe 


WITH SKID CONTROL 


= 


oeeres 
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The system consists of tarec major components; wheel 
“en-"s, control module, and a vacuum-powered 


act 


The new skid conirol braking system helps the driver 
avoid the kind of skid shown, which may occur 

occur during braking on slippery road surfaces or in 

extreme piunic stops. A paperbick-book-sizced com- 

putcr, mounted beneath the glove compartment *r.- 

vides the "brain" for the skid control system which 


helps keep the car going straight in such situations. 
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Systems. We hope we've mct our goals. 


1. You will know that it is necessary to remove the 
the clutch pedal and brake pedal linkag 
to reinove a brake pedal from a 196 


stecring column, disconnect 
S and remove the brike pedal support 
9 Cougur with manual-shilt transmission. 


You will be able to locate and 


identify the components of the new foot-operated 
Parking brake fer Cougar. 


You will know the function and operation of the new cable-operated parkin~ 
brake release on full-size Mercurys. 


You will bz knowledgeable as to the 1969 design changes for disc brukes and 
the service implications. 
You will be able to remove the bearing cups from a unicast rotor and hub 
assembly, utilizing the new service tool and Tecommended procedures. 


You will be able to locate and identify the 1. .jor components of the brake 
skid control system. 


ach major component of the brake 
and how these components operate as a system. 


You will know the purpose and function of e 
skid control sys «7. 


You will be able t ‘termine whether the trouble is in the hydraulic sys 


stem 
or in the skid control system when a brake System malfunction is indicated 


by the illuminated warning light un the instrument pancl. 
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DEFENDANT'S EXIIBITS RECEIVED IN EVIDENCE AT TRIAL 


DEFENDANT'S EXHIBIT 1 
SOUNDTRACK OF PERMA FILM 
ATRANSCRIBED DURING THE Di. POSITION OF ROBERT PATTEN 11/14/73 


ae 


("SOUND TRACK OF FILM 


18 

19 wYou are about to sce an accident. It 

20 could be a costly accident. In this case, it was 
21 only a wrinkled fender. 

99 "The files of law enforcement agencies ‘ 
23 are filled with photos of accidents that could 

24 have been avcided. Many of these accidents 

25 | were caused by panic and uncontrolled skids. 
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At a recent highway safety seminar, a prominent 
safety official said: 
‘ 


"'Skids play an important role in causing 


the accident rate to be higher than necessary. 


Highway accidents may be cut 25 per cent when 
anvi-skid devices are installed on all automobiles.’ 
"Records show that nearly 1 out of 4 
accidents on the Pennsylvania Tarnpike in 1962 
and 1963 involve the failure of the driver to 


cope with a skidding situation. Every day the 


tell of auto accidents due to skidding. 


| 
| 
| 
| 
| 
| 


Automobile accident rates throughout the country 


are increasing. Although highway designers a 
builders are constructing new, wide freeways in 


an effort to reduce this appalling accident rate, 


| 
! 
the basic cause of accidents remains. 
K 
"Ice an! snow during the winter months | 
meke driving hazardous and dangerous at best. | 
But other road conditions can be as hazardous. 
"This modern asphalt six-lane highway | 
during the first 30 minutes of a rainstorm becomes | 


slick and tveacherous. The black oil drippings 


from trucks and cars down the center of each 
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Patten 
on the highway during fall can produce slipping, 
sliding and skidding. In late fall, a wet 
highway is beginning to freeze, creates an 
instantaneous ice condition which always produces 
a rash of accidents. Loose gravel on rural 
roads can even cause skidding in panic situations. 
Fast panic stops on dry roads often result in 
uncontrolled skids. 

"For years the skidding problem has 
been getting worse. Cars have been increasing 
in size with larger engines and more power, 
and to go with this increase, power brakes have 
been ixtroduced, thus increasing the tendency 
to skid under panic conditions. There is no 
way to speed up the driver's reaction time. 

"So the accidental skidding of cars 
continued until Frank Perrino of North Attleboro, 
Mass. invented the Perma Anti-Sid Control. 

"This remarkable unit is the result of 
five years of testing and research by Mr. Perrino 
Ano 
in his engineering staff of Perma Research & 


’ Development Co. —_—_—_— 


“The Perm Anti-Skid Control is the first 


practical approach to solving the skid problem and 
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‘anti-skid control commerce 
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Perma Research is the first to introduce an 


ially available to the 


"Here's how it works: The 


stopping a car are quite 


are applicd the friction 


road 


o& 


of the wheel occurs 


es 
brake. 


pressure on the 


Gav} 


needed. Most, drivers are taught to pump the 


1 


brake, thereby keeping the 


£ 
2 


“A 


the car. But in a panic condition even 


Slows and stops the 


pressurc, thus causing the 


< 


Simple. 


of the tire against tho 


car. In 


condition the brake is usually appl 


z 


slick roadways such as ice and snow 


only a small amount of 


"With dry pavement more pressure is 


wheel to lock, On 


steering 


physics of 


When the brakes 


a panic 


ied to maximum 


this locking 


control over 


experienced drivers 


jam on the 


The locked front wheel 


forget this principle and 


brakes and the car begins to skid. 


the locked rear wheels track badly. 


"The principle of the Perma 


trol is to automatically sense the 


locking of the wheeJ]s, release them 


the brakes. This on-and-off braking cycle 
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Anti-Skid Con- 


split-second 


» then reapply 


356? 
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provides the quickest possible stopping on any 
given road surface, yet allows steering control, 
thus preventing uncontrolled skids. 

"This slow-motion movie shows this cycle 
action of the wheel. This cycle action will also 
sense intermittent road conditions such as ice to 
dry pavement and back to ice and snow. 

"Split road conditions of ice on one 
side and dry on the other are compensated for 
automatically. There is no need to pump the 
Perma Anti-Skid Control. Just push it down all 
the way and hold it. It works -- automatically. 

"It also provides protection against 
skidding at slow speeds under normal braking 
conditions. The sensing device of the Perma 
Anti-Skid Control is a small mechanical brain 


which senses the impending wheel lock. 


"Inside is a rotating governor turning 


at ulth-high speed. Becufise of this high speed 
response characteristic, the mechanical brain 
reacts faster than human reaction. This high 
speed, invisible to the human cye, is slbwed 
down by the slow motion camera. 


"When wheel lock-up occurs, the governor 
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releasing the brakes 


the brakes. 


kid principle on the wheels of the landing gear 


euccing thousands of dollars. 

With the introduction of the Perma 
Anti-Skid Control the safety of anti-skid pro- 
tection can be purchased at a4 price everyone can 
¢.ford. 

"This low-cost unit is in the same price 
range aS a car rad.o or heater. It is significant 
that the cost vf most accidents is many times 
greater than ..1¢ cost of a Perma-Anti-Skid Con- 
trol. 

"With the purchase of this unique safety 
device you not only protect you and your family 
from sxidding, but you get 4 better brake. It 
will stop you faster with less tire wear as »¥ 
as providing positive control action during s 


on any road surface. 


"Motor Vehicle Research of New Hampshire 


is onc of ce independent laboratorics that has 


tested Perma-Anti-Skid unit. The unit is 


continua y subject d to grus lling tests by 
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same research scientists who have contributed 


3 to the development of other significant technological 
& advances. 
’ 
| ae 5 "To develop the proper gears, units 
6 were operated at a constant speed of 65 miles . 
[servo ac 
7 per hour for up to 8000 miles. Dozens of tyre) 


different types of gears were tested for depend- 


ability and longevity. 


Pelrin, 1 new 


“The final selection 


self-lubricating plastic compe.ition develope! by 


“a 
2 12 DuPont. To verify this se%te.cion, tests con- 


13 tinued. Here, the init is subjected to the same 
bs i. 14 punishment it would take if installed in a car 
G 15 that continuously sped to 80 miles per hour and 
16 came to a panic stop every 1-1/2 seconds. 
17 “The same test sequences were carried 


out in temperatures of up to 300° above zero and 


60° below zero. 


"In all cases, well beyond the usage of 


C3 } 21 any motor vehicle, the Perma Anti-Skid Contrel 


unit proved its longevity; proved its dependability; 


22 
23 proved that it not only prevents uncontrolled 
24 skidding but stops a car in a shorter distance. 


"This same dramatic proof has been 
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illustrated bcferz all types of audiences including 
highway and safcty cfficials, law enforcement 
agencies and insurance companies throughout 
the United States and Canada. 

"The Perma Anti-Skid Control carries a 
full year warranty and includes a Sail-safe 
fezture which will automatically revert to the 
standard braking system in case of failure. 

THE 
"It is recognized as A most outstanding 


advancement in automotive braking safety. This 


recognition by safety officials has resulted in the 


use of Perma Anti-Skid controif in official: cars 


as well as the cars of the general motoring pub- 
lic. 

"The intense interest in the Perma Anti- 
Skid controt has resulted in hundreds of articies 
in magazines and newspapers. These articles 
have produced an avalanche of inquiries for 
this remarkable new product from all over the 
world. The reasons are obvious. At one time or 
another every driver has experienced the horror 
of any uncontrolled skid. Any new devefopment 
is eagerly viewed as a way to safe driving. 


One of the reasons for the low price of 
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Control is the use of the new 
manufacture of the unit. 
wll of the sensing unit is made 
a DuPont product which was chosen 


use of i toughness and strength and resistance 


"Interior parts are made from Zytel, 
another DuPont product giving high resistance 
to abrasive wear. 

"By using these products Perma Research 


not only created a better prociuct, but reduced the 


S / 
overall part, costg by per cent. 


housing and other metal 
made under exact manufactur- 
ing specifications. Each part is carefully 
assembled and the unit tested for operational 
performance. 

"There is no other anti-skid contr 1 
unit commercially available on the market today. 
The Perma Anti-Skid Control is a perfected, 
patented device proved and accepted by safety 
officials as well as automotive engineers and 
mechanics. 

"It is simple to install. Any sen 
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garage or service mechanic can anstall the unit 
in less tian an hour with basic tools. It is self- 
lubricating, needs no maintenance. When pur- 
chasing a new car, the unit ea be transferred 
from your old automobile. It can be installed 
i 
on practicaily any car with conventional brakes | 
or power brakes and on light trucks using 
hydaulic brakes. 
"Thus, through imagination, engineering 
and precise product design and manufacture, 
Perma Research & Development Co. is providing 
new safety and a better brake with a Perma Anti- 
Skid Control.") 
BY MR. BOORSCH: 
Q Mr. Patten, you have just seen a cupy of 
a film describing the Perma anti-skid device. 
To the best of your recollectior, is that the 
film or a copy of the film which was supplied by Perma 
prior to Singer's entering into the June contract? 
A Yes. 
Q That was supjiied by Perma to Singer; is that 
correct? 
A That is correct. . 


Q You saw it prior to the June contract? 
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V ALL WEATHER—ALL ROAD SURFASES 
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million mile life larg 
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39652 Tse first of 


exma Research ond Develossent. Corpany'a 


mu 
procscts was wha automatic brakes, (a wnlt that apzlios cv aute- 
i 


pmoDiies brakes cutoatica 


necaloxator pedal). 


Ghia wit was originated cxven years prior to incoryoration 


ly upon ralocoing presouro Lrca ths 


by Prank Porrino, ?rosident of thin Company. 


Whilo stationed with 


the United States Air Porce in Gamaany 


this invention wen ia the idaa chagase 


1954 It wasn't until he returmod to the United States aad 


Ids hose state, mhots Ivoland, that real Eavalopasnt on thie 


Froéuct startocd. 
1955S Cven tha firot 


noods4 


1956 In the coalng sonths the putesatiec brake wos cove 


‘ 


cruds radol sroused tha Intoroat of 


any Foople who oxpronsed thoir pelfof th.t thiu product was 
crd a 7 .xrge potontial oxisted. 


@loped and a patent was appliad for. Further capital vas nov 


requézed to exploit this 


Anvention. Hr. Porrsino’o patant ate 


torney forculated an agreement wacreby working capital could 
4 . 
So chtalned La onchange for a par coat of prosita that night .:+ 


Later be rmoalhzod fIrea his in antion. 


erence. tax 
patont covorcsa, trina wi 
fos that onprocccd thelry 


faoca tai 
corsa occ con 


r 
YY 


eo 


foaturco?” that happens 


The psople who caw Chia pt oduct dcconstrated, oxpreoced 
thofr enthuviaca, and soma later purchased a pirenntcga ire 
€Corent, realising the «isk involved wd that it algint toxe : 
cone tina sefora any ¢cturn could be axpoctod. Tee 
. Kyt9 working capital pemaitrod preaoticnal offerts and 


such az further rodificattona of ths precuct, 


th the patent atternay to cospane 
intcrost otc. ‘ 


5 dtd cot rooult {n'a solo, put ald voowlt ty 
tarctiva eriticlon, svch ao “woat chout cafaty 


Lf L overpraka oa L007", atce 


1957. Taig eriticica recultod Sn furthor covelesoont work’ 


cond by-prcte 5 Waica acu 
C (fox xe 
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ern ue 
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to a tost contrcllied store 


patont work, ote, rewilted in 
the vaiaing of additional funds on the cum basis. As pregross 
wos mace and new proructe sdifod, tha peice of thts percentcge 
interest. wao bicr yA Yocauses it was falt that the first ie 
veatore Pas t vg of a wire and vite ttarefora entitled 
to a larger i. 7F . In iaimevo co the firat prople who pu 
le Brrke only their wjreerents 


© Oe wees 


were vedatad to incite the new uratucts. 


rom Datroit autccotive 


“ome 


19£7 interert in there preducts f 


1 manufacturers reve) tea in furthor gupital investrent on the 
: H stove jsasis tor thy now cars to be ucaed oo cuaonontrators, furth- 
é : ex patent protection and tho many trip? to Detroit that follvcde 
i 3 ‘ : 
: % 1938 ‘these trips even with the inrerort exrensed did noté 

eee tatertulssea in 3 oalte . ; . 
oy 4 | 
: i 1t appwared that. a Detter connection with the poopla oa the 
ee ‘ propor level in thesa companion niyht be the cncwore 

* 


Contact wes Rada hy one of tha inveotorn with a Key York 
{inenclec frea tall gtreot, a Hr. Arthur Lipper, Wao cosurcd 


oh * 
‘ 


' a 
! ! ua he conld do the job an4 thore waa no nood to sell ony further 

’ d : . 
: j Intcrost, av he would rpsorb 4) expenecse 
7 . “* *- 
ee 5 ~ . 
; es at thin tizo, it waa ceciéed by tho prezotera that a Corjore 
: . ation choulé bw foamed ind if Kr. arthur Lippat pexfomucd, ha 
; OR voul?e atitlod to 15% of the Companys . 
{ ‘ ‘ : . 
$ : Kr, Porrino else had cocaltmaunta to people other than tha 
' laveatora “ho had helped in various woySe- ‘ . 
. A ay faa principals who wore involved in notive presotion of 

y thece pzrocucts at thio tina vores 
J : ete : 
, ee Frenk Berrino, Taventor , 
4 Jozepn Marino ) I 
Tf rag Cann ° “+. 
ane aati oes? manugccturing asaloted Ere vorrire 
‘ _ andres J, Wailto, “otor Vohiclo Racoarch Tooting Lazoratory 
peer 4 : couth Lee, Kaw Uc=pchize 
| AS Artis Liypor IIt, how Sore Pincnalior , : F 
i . a . 
{ . cr Suly-2e5, 1959, a cozporatica tao fomsed calicd Dorca 
‘ Rocsgsch cad VAncigpernt Connie Ince i ' 
° te : ys ‘,* 
’ a 
E-1031 
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Te Legal work Waa porforasd by Nr. Lippara atterzay, a 
kre. John BoW"hik of Shoansan-& Gtarling G Wright, a lens Zixca 
in Kew Yorke ; : 


Tas Corperution vaa Incorporated in latin 
AuthorLustion 400 shaxva cexscon stock $1.00 par. 


Tne Firat rooting of tha Cc spany wna hold at tha Parker 
fouca in cuisine. Kasaachusetts om July 7, 19596 


Ta Corrd of Directors were noalnated cs follewai” 


ee rT! 


Vrank Porrino, President & Director 
1759 Louicquicsetta Pike 
Lincoln, Re. Te 


Joseph Karine, Gecrotary & Director 
Asgol Rosd 
Lincoln, R, I. 


Paul Marino, Jr., Traasursr G Dizector 
tiinoral Gprirg Avonus < os 
Vorth Providence, R.z Ie - 


Ardrovw J. “Unita, Nirector 
Epping, txv Uaspohire 


Jona Kotlfg, Director 


Oa Guly 9th, a cocord Rooting of ao Esard of Dircstoxra a3 
‘hold at tho Perer Louse, Dostioa, Fascachucatta and tho purpose ef 


fhia meeting vos tos ; ‘ 


ee ee  ~ 
Oe as es 


,  Saesesiicr ‘a wortelng agreasyat with Kr, ‘LAppor c~A te ssshabe 
cll of ft. Porzino's prior comaitccnto. 


= 


Sto 460 chase? of otook of the ceapany wore CLotxilate!’ c3 
Llcwse 


—, 


7 
* 
“ 


15 % oe (9 chacco rocorved = A. Lipper 
Lvs or 40 charea Ascucd + A, J. Waite 
42 chavea Losucd ~ Joscpr Farizo 
50 chnztoa Locucsd = Pcul Marino, Jt. 
1S charco fhecucd eo J, A, Remwoya 
23 choca Accuad « Ve. Pea 


is «: ‘ : 
197) Ww ©. eps Z 


ee 
+. 


“= 


vie | kemats ZY A ok y 292 tye ow rotained Isp Ise. Poscico cn 
Se) ys9* 9 Uno os woaated tynsy Ulty Tafsa veciew Cp Anssayssaticre 
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P Prtor to tha iconance of the cbove 199 vharan, lr, Perrine 

hrogecated thave shares ba put in a voting txust with hia as 
voting truotce in order to paintain control of tho ccmp=iye 
All parties «greed and voting trust wgrecmenta warg dvaca tp 
Dy Attorney Kculff. 


| Tha vtock van registered with the som clos divisica of 
the State of Kieca loland, wr, Ferrino ¢ A for a brokere 
Zocnno in Phod2 ITolzend, wnica was gronted and tha oteck was 
Lesned, excapt for investors who wore out of tom. 


The rorsy that remained froa the percentage interest caloa 
wha used to purchase a new Pamblor and wincollanecus agquip=sat, 
aa itr. Lipper hed cat up appointesnts tAth Azacicca KMotoras cad 
otior companica Vaich he fult would waterializa in a caloe 


. Many trips to Detroit, Indinna and Chicsgo, aad Tw Yor 
ora., resulted in still no sala to the rotor cosponios,. After 
coxa months of thla ty effort, Lt waa Cscldsd poy to purcva 
tha oxaginal cquig<ont warxet for the following reaconss 


le Lorg gorios of tasting and avaluation wiilecr va hed 
alrosadcy boon Lhrovgh at heavy oxponcee 


2. Tho fact that evn Lf tho fastest possible cvalvatica 
reculted tn a positive roply, £t vould tskoe yoars 
fore any ovdotantial royalties could bo roalizscd. 


autexcbllea are Geaignad and tooled triree to four yoara, 
in advance, ; . 
Whore waa alwayo the povoibility that oven aftor all . 
of thiosa tino consuaing precodurca hore waa Fo cacuDe 
ances they vould Buy or used theca producti. ‘ 


St wna now docidad at a group rooting cacay tio Dircctore 
td purcsa tha .ollewing cources eT : . 


“2, «eo Zinsnoa the Companye 


2. To namuifccturo the products. :. 
3. To eovvxot the preductde see ; : 
pints dF BSF OL FF CERRETH BOR a-.t0 Voll ctscat. 
en’ cn abtescyt to tind ca invootccat kouss 0 \woald toly bh=-3 
te “ales Cao nagegsaey fenta fore ; « 
r ANT tw ee cae: . 
A. Aculsisy a wabtytivg fex cecsine chcp, Gavoleyanat Gey 
calea cra main olthode - Fee 
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Do purchase materfals that would be nsodod to build 
an invontory of f£inichod product. 


‘To tool for the parts that could not be purchased oa + 
the opca market, 


To dbuald a salva organisation to markat finished preducts 
and the ovarall ovarhaad that building such an organ- 
‘Leation involves, 


Thaca trips to Wall Stroat and varirun contacts vith invest= 
rent houses did not rosult in thea cexpinics Oojoctive, ths.ofore 
another mothed had to be found. 


Kr. Lippor had 15% of tha Ccaapany rocorved for hin upon pore 
foraance, end hia contract still had 8 to 10 months loft to rus. 


_ Since ths Company had no unlesucd stock thora wag nona left 
to coll, : : ; 


Hr, Porrino loaned his shasos to tha Coapany and atarted to 
fell chorec at $5,000. pes share with tha help of tho other Dime 
octors and utockholdera,. 


Daring the activity of raising consy und as far beck a3 try. 
ing to laterest Datroft, testa wore being conducted by ca ings 
percent testing loberatory (Metor Vohiclo Pacoarcn of Lov lin=p- 
chive). Tnoca tasts ran {roa 1957 to 1959 with favoradla roc~ 
cults. 4 

During this tina, Mr. Porrio. also was activaly Gsconstrate 
ing for cafoty officlals, regiotrara, neva enditors, pagazina 
wxitors, otc. 

\ 


Teco offorta rogulted in prblicity fron all parta of tha 


world, vin ; t 


A Suildsrg wap purchacod in April 1960 and thoxsoughly ro~ 
retaled to provistls facilities Lor Racearch, Csvoloz-ant, calos- 
and a main of@ico. : =. 

All tho nocossary equiresnt vaa purchaged cnd fastallcd 
ond rariot rotearch vork vaa conducted. : 


nufactuses, Cventks In3, 
of jiClchoro, Tardi2 Comeoratler, South ead, Ueto pti 
police iss Sia asiesaeroties badede, Cates banuvcatucirg Co,’ 


GLavolaz, Calo, I. Ke Sastar, Coatca, ante, ate, 
* e . ‘ s . 


oo * e 


In cvtow Los the ccarcny to got Mts Preauate ca Cho caovhat 


- 
~6= 2 
. : ‘ 
et a price thet the consurse could afford and yet provide a 
gocsd profit, comaitucents for expensive tooling und large qcaa- 
tity oréers had to be made. : 4 


; . Peale 
Ae ~ee moe ’ oo ° 


bite tb ghee ig 4 eS « ws eee Spt fe See 


Pahoa oe pt < a “4 . : ¢ an bg ms . Bi 
Cr¢dsra of 50,000 or nore had to ba placed in otter to ct 
tract tha cooperation of those large firus. : 


- 


A fina contract wae entered Into with fwank Inc., whoroby 
Swank would be responsibi<« for tooling, toldsa and naceszbly of 
Persaa'ta praducts, to be éollvored no later then Sovernbar. 20, 19006 


oo 


All of thie initial oxpense oxcluding finished parts vas 7. 
to ta paid for froa the oale of stock which {a procoating no 
problea at thio tine. ‘ “Sp 


Wnis wonsy was atill being raised froa tho anle of the 
oteck waich Mr. Porrino hed loaned to the Coupany, It was 
oxpectad thio otock would bs voturnpd wien Hr Lippar'a con=- 
tract hod expired. - . Fi . 


An agreexont vas reached prior to the expiratica date of 


tr. Liprer’s contract whereby Hs, Lipper terminated his contract, . 


in retura for & gharaa of otock. 
ihe Company returned the shares it cwod to Hr, Perrino, 
losving a balance of approximatoly 11 sharveg unfonvucd, Tha, 


‘ _Coapany had cold for cach or had given for eqully valuable 


carvices approxunatoly 41 sharos. 


tra 1l chesoa that remained would not provide ovfficiont 
‘chpital to fiacnce tna entiro program. 


At a opecial diroctorao moating on Juna 20, 1960, it vas dco= 
elésd that tho Coapany should increaca ito’ present avthorizcd 
£00 charoa and to split 1 for 2 all otock. ‘ 


Shia ineveased a ateckholéore chares 1 for avery 2 now hold 
end gavo tho Cotpany a nev total of sharoo waich it could coll, 
‘approximately 166.5. - 


. 


A ptockhol¢era rooting waa hold on -agus’ ~* 1960 and a vote 
approwd Gis ceva proposal. 


It ‘tsar Aico voted by svgqgestica-of- tha ptockholdere at thts 
cloting that 20 chareo of stock bo rocarved for Accuance Co hit. 
DMevino at hilo Ciceroticre 

WwW» : : 
_ Peea incorporation b> thio date, noxns of Cha officcra of 
Divecte va rocolved cny oiiavy, althezgh Ua Dircetesa voto a 
Tnotesd, cacn Divectos vols cos 


| 


| 


4 


of hin own holdings to obtain roguiroed capital. 


Tha payzont to Perna’y suppliers for procuct waa to coca 
frca a network of franchised distributors who asch would take 
a cortain nu:ider of units thoruby abs orbing tha unito Pera 
had obligated itself to and also vhow a aoubstantial profit. 

This ontira franchise prograr was formulated and Porma 
otarted to ulgn up Denlers, It had acquire cpproxianately 
throo ¢cozen eee areas, F 


Dealorohips were located in Rhode Ialand, Maino, Ponnsyl- 
vania, Chio, California, iansachusotts, cte., ee caly 
Rhoda Island waa coiplately saturated, 


Rhoda Island was the ainglo largact contract Waarchy a 
Corporation called Autonotive Gafuty Sarvico pald in cévance 
¥30,000. for franchise rights for the entire otate and 925,000 

* for initial abuseet: orders. 


Tho Daalora in the other statos. providod olfuiler contracts 
+ although oach was a saallor asount, 


At approximatoly thia timo the Securities and xchange 
-Ceomicolon conducted an inveatigatlon of Porsa Rasearch end 
* Dovolepasnt Coapany and advicod tha Ccapany that tho ntock 
calos that wro boing nada wore in violaticn of tha Seeuwktio a 
act. 


nt stock sales senha be discontinued until a proper 
filiij vao mada. 


. 


Taio put the Company in a position where it could rot raica 
eby furthor capital for tho in!*4al comaltzcrnts that it hed 
mada, tooling, pjvieiese invontey of parta, advartiaing to ouge 
tort ita saloa o. nization, to olgn up more Boalora, ate. 


ee eS ne mee eet ome ee: 


— 


Tha Coxpzany had on hand approxkaatoly §59,C00, but this 
wasn't avon half of what wau nooted. Tha Cocpany Le=sdlately 
cut back oxpoaditurea such az edvortioing, payroll, calea ccquty~ 
coat, ote., but tho inertia of prior comiutroants sogulted in 
calco cifort Loncas. 


Alco, Svanx did not reat dolivory nchadéulea of precuct dua 
o tooling produption prodlens ond othora aa cyrocd. 


. 


T~ 


“hts pat Para . in ths poaltien whorehy Lt had cennidayectle 
inventory ca tho thotsoa hut no cosploted Wwahta Chat could ka 
Gilycsd te tts Mrz. andi Corlarn. 

SOVErSOr RY aa info Haxcts cud etl a westles prcdbiczg 
ovloted ULth Lts cupoakied NOe 


ae eS ee ee ee 
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' Para thorofore had no choice but to return the frenchice 


roray with interest and cancul orders. 


ino refurn of tha money croatad good will and tho cozpanys 
crgatt and xroputation waa not iupaired, 


! The first of Perma’a preducts was now couing off the aucca~ 


bly linss, but Perma was not in a positian to absorb too Inany 


of theca units aa it hed no dealers and capital vaa running lew. 
” A group of steckholders, when they hoard of Pornas probleas 
yavo thoir servicos at no chargo in order to concerva working 
capitals This increased Pemaato staff hy at loast 20 pcoplo. 


Sous part time, othors who wero te rotirexont or owned thore 
c.wa business, full tina, ; 


Forma had been behind {in much of its ctheduled work and 
was now catching up. 


Dorin <i thig trying period, on offar was mado to raangcoont 
that a financial group dynired to purchaca nanagermonta oteck “ 
for a total in oxcasa of $350,009. and vould cuplyy frank Parring 
at $400.00-wookly to continua in ean onginceoring capocity. 


A fov of the stcckholdors who vere aware of tho offer on 
prosced thols fealing of rmtaining precent ranagezsnt. at tha 
nent Directors sactirg hold for thin purpoog, Kr. Porrino és- 
clinod tha offer which led to coxa aieagrescont botwcen Dircctorae 


Ths Directors axprossed thoir cosira to coll cat ard gave 
Yet. Porrino tha opportunity to buy tholir stock at an ottrcstive 
prica., Tho trensactica took placa and now Dimectora waro ut 
in thoir place. 


Who how ponagement vas as Sollewas 


Frank Porzino, Prooldent G Director 

Richard Canaing, Attorney with Letts & Guinn, Cocx yotaxy G Dire 
Retort Mainalld, Asaistant Troasuror & Dircotor 

Béward Consty, Troacurur 4G Dircctor 


nig hoy bantjoscat tzied to tind waya of intoriim _ tinsagirye 


A yslvats offarizng vas ausygosted and Me, Canning Sabie a) 
Cessasays pein i and ceeretary r2é3 oA cr pointasat at tia Msatca 
Rsgtenal offices of CS wr Csouvitina ord Exsisese Comicsica, Atv 
tos censultctica, Kr, coMany Oxpmuascd ON antincstiva reply 
*ysoviding ecoxtaia co: uILCLouny WIM HISe « " 

’ ‘ 
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Tha co=pany proceaded under these conditions wWaich wre 

set forth at a stocxholders mueting August 26, 1961, waich 

called for a now clans of otock and to convort $0 ef tha pro 


sont 750 ceom=on oharea of otock to 50 sharaa of clase A coxzon 
etock and 700 coxnnton, 


: Thio stock was to ba sold privately. Thirty throe sharos 
ware sold to coventean pruple for’a total of $165,000 which 
allowed tho company to prhcacd with tesling production, sales, 
atc. on a tight budget. , 


While at the saza ties preparing a filing with the Cecuritles 
and ixchanze Comaission, vo that the Company could go pudlie 
with ite stock, 


; Tha purpose of which wao to provide capital to pursue tha 
rout profitzblo avenues of acquiring exclusiva nov patented 
producta and marketing then, : 


Thea Company waa continuing to solve its production probleas 
and warketing and preceeded with 'ta ground work. It vould 
nok actively cet up now Goalerships until producto wore fully 4 
reidy for conswrer use. 


‘Sha Coapany acquired an underwriter froa Pittobury, Pa., 
who was to do the underwriting of ita stock lansua. A atock- 
holderg mooting waz hold and the filling was rade with tha So * 
cuzitiog and Bxchange Comalsolon'in Boston, ° 


At thia tise, the Socurities and Exchange Comalsoion unsx 
poctodly brought action against Perna Rosearch and Davolop=sat 
Cospany and Frank Porrino, as it conntrucd the private offor= 
ing of tha Clasa A otock as a public offoring. 


Gineca the Coapanys underwriting would be dalayod, a lean 
was obtained froma tho Small BDuoinesa Adalnintratioa (SDA) of 
$150,000 with vaich the Company is now operating.’ 


‘Tho law firm of Pine and Ambrogna was rotainod to try to 
rosolvo by Whatever Icgal weaneo wore nacosonry, the 6720's coe 
plaint ce tyat the Company could continua to puraua a public 


In ounnarizings - : ieee te pe bit oS 


Wt position of {ho Company at thio tine La oo followas 
: Ww Fens 


¥, 5 on rte sce 
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Froduct Le being shipped by Perma suppliers (Swank) 
on a ulow but increasing basis streasing quality con- 
trol procedures, . 


Proop’ctiva Ceanchised Gealerohips are segain taing con- 
tracted to re-establish a network of product dilatridy- 
tors. ; . 


It iv juct presently marketing new products (Rydraulle 
owitch and sastonatic otacter, ote.) _ 

4. It is anticipating filing a registration statesent with 
the $.%.C. to bring its stock fo the public. : 


It will utilizo the funds provided by thia public offoring 


‘ 


tS continue to promote its products. , . 


It will continua to deolgn and cock ne products waleoh caa 
- providsa future growth for tho Coapanye = ie 
‘ yp . no 


ed 
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June 15, 1964 - 


t 


- 


Mr. G. Lee Dienes 

Perza Rescarch and Developzent Conpany 
345 E. Washington 

North Attleboro, Vassachusetts 02761 


Dear Mr. Dienest oe bark @ 'e* PGs. 

This letter vin confira our discussion of last ‘veck regarding 
the effect on the Ford warranty of the installation of a non~Ford part. 
Specifically you are interested in knowing if, the installatiomof the 
anti-sxid cevice which you call "Perza Anti-Szxid Control" affects the 
warranty on Ford vehicles. The installation and use of a non-Ford part’ 
on 4 Ford vehicle cocs not in and of itse]f void the vchicle warranty. 
Rovever, if such installation or use contributes to or causes the aaa 


failure of a cozponent, the sears on thet cozponent is void. 


- 


As I told you during our dis seatibinns the above policy has deen 
.published to all of our field offices and through thea to all of our. - 
Gealers. The most recent publication of this policy vas nade in October, 
.1953, when all Ford dealers were advised in writing that the use of a non- 
Ford oil filter did not, per se, void the warranty on the vehicle. Although 
that letter dealt with oil filters, the cane peserigee applics to the use 


+ “v non-Ford product. 


! 
} 
/ 
{ . 
/ 
f 
’ 


vr. J. L. Marley ‘ 
Warranty Administration Manager 
Lincoln-Mercury Division 
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Juns 28, 196) 


t : 
| eee ee 7 


‘venus 2 = R,P.D, fl 
Lincoln, Rhede Island 


F b 
: -4°7) 
Dear Ur, Levesques It 


Tour letter of Juns 3 eventuall 


en 
| 


y reacked my desk, sinco in Autonctive 
Enginooring ve cre faniliar with ths particular Anti-Siid dovice you 

are referring to, So far, we have conducted tests of the Porsa dovice 
only in a linited mctor of mocels, ard have not guthorized its use as 
an official Ranbler service accescory, 


In many instances of this general nature, tho now car warranty night be 
affected, if tho device in question was cf 


such a nature as to affect 
the functicning, roljability and durability of othsr conponents of ths 
1% vehicle, Accordingly, we can make no blanket endorsement of all aftor- 


market products adzptable for use on Rinblors, unless thoy have been 


officially approved as Ranbler accesscrios, 


market product on a Racblor docs not autczatically void ths car warranty, 
Only if later adverse perforvzince effects develop in vehicls systoas 


! which are tracecblo to ths after-carket product as a cause, rould the 
warranties ba voided in the systen of which tho after-carket product be- 
cans a conponsnt, . 


Howover, to correct a coon nicconcepticn, installation of an after- 


{ In thio cass, wo are farilicr with the Porza Anti-Sxid dovice, and have 
t » aeviored warranty provisions with their representatives, Horever, 13 
mcognizo there cay be cases where such an installation night adversoly 
affect the life of certain of our conponsnts, which thon would not b3 
subject to warranty replacezent, Por exaoplo, 4t my bs possiblo for .n 


inproper field installation to be made, resulting in a configuration such 

4 a5 4 ohert bord in the specdextter drive cablo, a faulty brako line or 

3 sone other adverco cendition, A failure of @ opecdareter cable under 

' those conditions, for instance, would not be subject to a warranty roplace- 
nom, 


You will find that other car ranufacturers give the save basic interprota- 


tion of offoct on car warranties by installation of after-narkot components, 
: Tho interpretation and conditions exprouced in this lottor are consistent 


with the toma defined tn our official dealor warranty, opocifically, the 
exclusion under item (3) of our warraaty, ; 


MAMALER AUTOMORILES « MELVINATOR LFONANO-AUE APPLIANCES 
Aracricag Motiee Means More for Americana 
a. SeSs ss iehaeesaheoeseungsshédeieabastetetttstenseeaniumeies 
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Page 2 , one pS ce Meads Pea ag Sb ar il as 
Juns 26,.196) : ee ot esele® ." -s ¢. 
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Ye hope *:4is cerves to clarify the situation to your catisfacticn, and 
that you will find nary pleasant notoring niles in your ocw 1964 
Azcbasosadar, 


ee Sincerely, 
Ae c aman ro 
x ar ° . 7 . 2 
lee Ai A Oa eee wt I. iH, Nagbor 
eine : ce 2h, ‘ any . Staf! Insircor = Safety 
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* SPECIAL REPORT II 


Confidential 


Frank Perrino 


Joseph (?) 
Thomas Perrino 


Information on failure of Anti-Skid device in field. 


REPORT #(?): Owner: Danny(Paglicao?) - employee of Perma 
Research and Develop- 
ment Company 


Auto: (1969?) Plymouth V8 - automatic trans- 
mission 


Installation: Perma Research and Development 
Company 


Problem: Complete loss of brakes on application ‘ 
intersection-stop sign. Car involved 
in accident with.another vehicle, 

2 passengers bruised, one in each car. 


Stripped (Delvin?) drive gear, gear 
binding on (one?) gear, in top position 
causing micro switch and (solenoid) to 
engage and not release. 


Solution: Unit taken out of car - now installation 
later. ‘= 


REPORT #(?): Owner: Joseph Perrino, Safety Service Corporation 


Auto: 1964 Chevrolet (Chevello Mc ?) v8 SS 


Automatic Transmission (Demonstration 
. Car) 


Installation: Perma Research & Development 
Company 


Problem: Anti-Skid not pumping at all times 
(poor demonstrator) 


‘CAUSE: Unit tested, pumped twice and pin 
steared in gear box. 
Inspection on Anti-Skid showed 
RS-10 mm in half and (?) on tone of 
cam gear, preventing cam gear from 
rising. (also, lack of lubrication) 


Solution: Installed new gear box and Anti- 
Skid unit. (well lubricated) 


REPORT # (2); 
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REPORT #(?): 


Submitted by: 


/3/ Thomas Perrino 


Owner: Paul Proccoccini, Walpole, Massachusetts 


Auto: 1964 Chevrolet Wagon - automatic transmission 


Installation: Perma Research and Development 
Company 


Problem: Broken speedometer cable and unit not 
working. (Customer was not aware of 
Anti-Skid not functioning) 


Cause: 1. Sharp bend in speedometer cable. 
(causing inside cable to wear out). 


2. Hydraulic pressure switch leaking 
through (levers?) 


3. Could not complete 12 volt circuit 
through hydraulic pressur? switch 
using 0 to 1000 PSI and ' ».tmeter 
reading .002 volt. 


Solution: Installed new speedometer cable. 
Checked gear box and adapter and 
installed new hydraulic pressure 
switch. Also checked out Anti-Skid 
unit for wear, blow out, dust and 
Yelubbed. Installed bobbin in unit. 


Road tested - okay. 


Thomas Perrino" 
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Trstci lation of stool drive gears in Connocticut Stato Police Cruisors. 
WESTPORT NARRACKS: ©, Lede it cate” oe Wee 4 ke Bae y 


es . e? ‘ grrd , . 7 


Replaced ayloz drive gosr wit’ stocl ¢ 3 02-1728S-0, 


uscd 1&T sdastor — good" Ge6:. 
Tound drivo train coupling crcovec within by floxiblo 
cablo - countorsunk ai : . 


: : cA . : 
‘ Pirst.rozd test - - rolocso at 2 1/2 T Can Coar = sot.caa 
Corr .at ¢ T. ‘ ; 
Second road tort = excellent, clev on wand. : 
BETMANY PARRACKS: ; SS ee oe a a a a om 


Roplaced nylon drivo gear with stool ¢ 3 02-17245-0, 


$ Toplucod 18T adapter ~- soriously ehocred. Sot caa sear 
eT at. 4 T. ea te ae | ; ie 
> ; be = a any : : 
Round tost - oxcollent. : dtp. Ras 


Changed Anti-Skid unit - forefch mitter - preesution, / 


nh tn 0d, Spe NN be Re ee es hin momen om OO MOS 


ae 


Trooper Ravslor_qynertescsd Losarof beakes, (her api 

nt OSN.2.U. Truoyor was clocking two cpooters "when he 
noticed loss of epoodoneter - interforring rato cut across 

path of cruiser..trouper hed to upply brexos throo tiros pofort 

Standard brakes took hold. 


oe seine = we ee REN SERt ee 
ane FUR EOS ETT Sa tar SP Ld aad * 


| PERSONAL 
f oat Peale at 


TROORT: Nylon adsptor gear shoored us indicated by loss of spoodo~ 

ectom-this rouction asicztated a whell lock conditica to 

tho Anti-Skid unit ceusiig can your to rico and trip alore=- 

switch. Trocper «ppliod brake prossuro closing 12 volt 

cizcuit vie hydraul ie pressuros ewitch. Eydrsulie favid 

may havo been trapnse — porsihly 290 Y5I or nore, Nydraulto 
rossuro switch coulda net Lrosck 12 volt circuit,, thus 


fnco=plote eye slg. ° 
a 
\ Pomts-vse pfeton romaisod in 1/2 cyclo position ouusing 
Ui locs K. of a AEST EN EINE TDN ce eed 


ST VEFORN SPRIXNCS PARRACKS: 


‘ Roplaced nylon erivoe gour with etael o sox-)7265-0, 


Found both cos concitioa as this {is a now 
C#UISOT With « er: Ly 150 miles. 


Sot: oa cCocr 


laced aylon drivo coar with stoel ¢ 202-17235-0. 


good condition as this elso is a 
700 =ilos. this cruicor also has 
highway patrol as froopex Shaw is on spoofal 


Neoslcuurtors. . 
Sosd tost - excollent. 


Wad to roturm to evory hurricks to check adaptor ehaft 
¢clesranzo per ordero Pobort Veinolli - hed crough cloarance 


Ghalzs snd houctng bees. 
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FIEZID RE?OR? 
qi TO: Frank Souvio ite 
C2 TO re zrino Puts ‘ DATE: 7/14/64 
. Rotert Mainelli.7” : : 7/15/64 


Joseph Krawczyk 
lco Dicacs 


.- « 
Tecknaicinznn: Tnaenss Parrino 


Acsiqn=snt: Conracticut State Police - wecrort Barracks - c/o Safoty 
Servico Corrozation - To replace Plastic speedometer goar 
with steel roplecement goar,. 


AUTONOBTEZs (1) Ons 1S€4 Ford V8 Cruiser Intercepto 3 Speed atandard 
transtission, 


Eoms Ccparture 6:39 A.M. = arrivod at barracks 10;00 A.M. 


$e “ ho 


: PROSLEV“S iad to borrow motor jack frea local ford dealer. Removed fis 
j oa ie 
rear hou6ing of transmiasicn to replace gea: Assexzbied and 
( } repleceeé now cdapter. Poth Gears ecre stripesa, Tested 
th areiushd ~ RY Sibson pesto: “Chat Se ee 
i anti-Srid, worked, but on no:mai ctos Aati-Skic punped - checka 
consing 


G unit to see Lf Micro-Switch was sat wrong, noticed at 
this time that skid was net lubricated. Set switch and lubed. 
Alco found that fiex-drive cabla wee vearing into coupling’ - 
yepaired. Tested with same results, : ‘ 
j Inspectod aderter gosr - found it stripped, not meshing | 
[.. Serreetaes Tried ciftferent adapters, (gears) with no luck. 
= . ae) 
SECOND DAV: OlcacsCzaled transmission. Found that new steel drive gear 
3 uncersized., i t> secure correct gear at Ford Dealers 
froa Ncw Maven to Kow YeS« Border. Some dealers said they 
d thea, only to arrive and find they were isistcnxen. 
Discussed Anti-skid with Parts Managers and found that they 
had all heard of it. Some had read up on it. All co-operated 
: fully. 
Being unsdle to secure correct stecl goar I disassembled 
transmission again and installed new original plastic gear, 
C) Dicconnected flex-cable and 12 volt circuit but left Anti-skid 
in esr. Also lcét new adupter ind gear box in car so that 
opscdconsater would work, thus allowing thom to uso car, 
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COMMENTS 3 Wao 2>lo to speck to Patroliuun at this tima whon ho com off 
~~ cut y._fsslained to hin trouble cpcountored and apoloylzed to 
. hfa for his tnconventence, Petrolasn asourod Ko at thio time 


that ha would not conda:wn Anti-Skid until wo had problea 
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colved end car fixed. lisd full co-operation with all 
conces7.0c. 


CORES? CUR SGIAS WILY, COMPT ATELY SOLVES THIS PSOBLEM, * 


7:00 P, M. July Sth, Woceport Barracks. Axrzivad hoxe 
10:50 ?.H. 


Respectfully cvbaitted, 
Thozs3 Porrino . 
% ’ “a. 
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DEFENDANT'S EXNIRIT 53 
UNIIZD STATES DISTKICT COURT 


SOUTIICRU DISTRICT OF NEW YORK 


“arn nm wm wm Om Bm MMM we wy 


PEMA RESEARCH & DEVELOPMENT CCG4PANY, 


Plaintiff, t 


66 Civ. 665 
eagainst- 


' APP IDAVIT 


Til SINGER Ca“PAKY, s IN OPPOSITION 


Defendant, 8 ' ef 


Se rey ee Ee SR a RS CE Se Ra ea ee ee, ee 


STATR. OF RHODE ISLAND ) 


3 88.3 
COUNTY OF PROVIDENCE ) 


FRANK PERRINO, being duly sworn, deposes and says 


ys: 

1. ZX am President “a Perma Research & Development 
Company ("Perma"), plaintiff in the above entitled action, ead 
I sukmit this affidavit in opposition to defendant Singer's 


motion for summary judgment. Defendant's motion papers are a 


virtual repetition & an application previously denicd by the 
Hon. Frederick van Pelt Bryan, United States District Judge on 
July 15, 1968. As on the prior motiuc.., defendant's motion 
Papers misconstrue the contract ketwenn the parties which is 
the subject of this suit and ignore the essential facts under- 
lying this suit. ‘the Purpose of this affidavit is to set forth 


those facts, 


2. In July 195° I caused the incorporation of Perma 


to engage in the manufacture and sale of products for the auto- 


[DX 53, p 2} 


i motive industry, By 1963 the Canpany's principal Product 
was n patented automobile anti~skid devico which when connected 

to tho braking system prevented skidding caused by "eel lock-up 

When brakes were applied with force sufficient to lock the wheels 

and cause skidding, Porma's anti-skid unit immediately released 
Just enough hydraulic pressure to unlock the wheels. The device 
would then, in alternation, restore and rolease hydraulic pres- 
sure, maintizning it at the point of maximun braking just below 
skid producing pressure, until the automobile came to a straight 

) controlled stop. In effect, the invention mechanically punped 
the brakes several times per second, far faster and with more 
control than man could punp them, allowing a car to stop without 
skidding on any road surface, wat or dry, in distances shorter 
than or at least as short as were attainable without the device, 
The. invention incorporated principles used in anti-skid devices 
installed in military and commercial aircraft and was a revolu- 
tionary advance in automobile safety. 


3. By early 1964, Perma had approximately 400 share- 


holcers who had invested approximately $730,000 in cash for their 


i) () 


shares and at least $3,000,000 worth of service and materials, 
Thus, for example, shares were given in consideration of raw 
materials, tooling, aabiiaibiieliiad product, equi ient, advertising 
and printing, Shares were also given for valuable services of 
engineers, mechanics, lawyers and others who advanced the in- 
tercsts of the Company. As @ result, prior to June 1964, Perma 


! 
had 772 shares outstanding, These shares were being bought and 


2a 
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bold at $5,000 per share giving a markct value to said outstand- 
ing shares of approximately $3,860,0 “oa 

4. Dy June 1964, the Perma Anti-skid unit had keen 
extensively tested and promoted and was being manufactured ccu- 
mercially on dies, moulds and cther tooling built for Perma at 


a cost of over $180,000, approximately two-thirds of which had 


been paid for by Perma. The Worcester Stamped Metal Company 


(“Worcester”) was Perma‘'s prime contractor under a contract 
entexed into on August 2, 1963. Over twenty vendors manufactured 
parts which were delivered to Worcester in various stages of 
assembly. Manufacture of certain parts, final assembly and 
testing of components were performed by Worcester. Perma handled 
the promotion and sale of the product and, under “its contract 
with Worcester, the latter was paid for the product only after 
Perina had received payment from it. customers. 

5. Under theé- arrangements, Perma had marketed 
approximately 3,500 Anti-Skid units before the Singer Company 
replaced Worcester as Perma's prime contractor, Prior to con- 
tracting with Singer, Perma had orders fran certain of its dis- 
tributors calling for the delivery of over 40,000 Anti-Skid units 
within a year. The delivery price was approximate ly $59.00 per 
unit,approximately 40% of which represented gross profit to 
Perma. Perma retained all marketing rights until December 21, 
1964, by which time Perma's contract 7 aistributors covered 
firm orders or minimum requirements te: retain franchise richts 


for in excess of 225,000 units. In addition, Philips Petroleun 


cag CA he LOA EA LAY DOGS Se nee, 
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Co, wos planning to distribute the unit through its dealers and, 
as a result of morkct surveys, estimated sales through its 
dealers at over 19,000 units a month, or in excess of 228,000 per 
year. Other prospective customers such as the United States 
government and major automobile manufacturers were testing the 
unit when Singer replaced Worcester as prime contractor, and Ferme, 
pursuant to initial orders, had already supplied the United 
States Post Office Department in Providence, Rhode island, and 
Washington, D. C. with a limited number of units. 

6. Singer initially contacted Perma in February, 1964 
(after having scen Gemonstrations of the product in Canada) and 
sought to obtain the manufacturing rights to the Anti-Skid unit, 
telling Perma that Singer then had surplus manufacturing capacity. 
To induce Verma to substitit Singer fox Worcester as prime con- 
trator, Singer volunteered to assume Perma's obligation to pur- 
chase the conponents of 50,000 units from Worcester and its 
vendors. Perma was interested in Singer being associated with 


its product because of (1) the world famous Singer name and 


reputation, (2) its great size and consequent ability to meet 


the greatly expanded production requirements anticipated for the 
unit and (3) the unique production quality control and testing 
services which, according to Singer, it could and would provide 
because of its extensive manufacturing experience and technical 
skills, Perma had experienced some problems in these . cas under 
Ata. coptrack with Worcester and.ss-assured.by Singer that, if 


it replaced Worcester, these problems would ke eliminated. In 


a the contract entered into between Sinyer and Perma on Junc .8, 


1964, Perma retained all marketing rights and Singer assuncd 
complete responsibility for manufacturing, including “diligent 
‘ quality control in the production, assembly, testing and pacx- 


aging” of the product (June 18, 1964 Contract ¢ 10). 


: a | | | | te oe | 
: . 


7. %In exercising these responsibilitics, Singer had 
the right “at any time to change vendors and suppliers" (June 
18, 1964 Contract ¢ 4). Initially it chose not to do so but to 
continue using those used before June 1964 because it had assured | 


Perma's obligations to purchase 50,000 units from these suppliers. 


When Singer replaced Worcester as prime contractor, most of the 
parts for these units were not yet manufactured, and only a 
emall percentage of those parts had been assembled into canpo- 
nents. Singer had been advised prior to June 1964 of quality 
control problems which ‘had -previously been encountered with | 
these suppliers and of the resulting necessity for close quality 

| 


control; Singer was specifically authorized to reject parts not 


« > 
aS ; 
‘2 in July 1964, after parts fo: only a few thousand units were 
manufactured and assembled into components under the canplcte 


— made to specifications (See June 18, 1964 Contract ¥ 10). ia 
control of Singer, Perma called Singer's attention to the fect | 
that the units thon being delivered by Singer continued to have | 
the exact defects previously encountered. Nonetheless, Singer | 

' ,geptinued to permit the manufacture and assembly. of units without — 


following proper quality controls until by October 1964, 50,000 


. ee 
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6 ne 


unwarketable units had been produced and assembled, For example, 
Singer did not even perform on-site inspection in the plants 
where the various parts were built. Random sampling of these 
units by month of manufacture revealed manufacturing defects 
such as missing parts, parts not made to specification, faulty 
soldering, misaligned, assemblies, etc., in over 75% of the units 
inspected, With the exception of a few shipments totaling approx> 
imately 2,000 units, most of * » were defectiv7ly assembled 
and hed to be retrieved, no units were shipped to customers in 
1964 after Singer replaced Worcester as prime contractor. As a 
result Perma received no incacve during this period. Freo June 
through November, 1964, however, Perma continued to incur over- 
head and other expenses at the rate of more than $20,000 per 
month which, in the absence of income, forced it into desperate 
financial condition. 

8. Singer, at Pp. 3 of its Memorandum in Support of 
Defendant's Motion for Summary Judgment, seeks to absolve itself 
of responsibility for the failure to ship units in 1964 by (1) 
erroneously suggesting that the 50,000 units it allowed to be 
assembled without proper quality controls were an existing 
“inventory of some 50,000 specified component parts” as towhich 
Singer's only duty was one of testing after assembly, and (2) by 
cluiming that the defects which appeared in iaia parts had their 

i Lor fGsirt 8h ese WORECROE IB Wanufactuns an@,assembly and thus 


were the responsibility of Perma. However, as set forth above, 


¢ 
? 


Singer's duty was one of diligent quality control in the product- 


und assembly of the parts os well as testing aftcr assembly 


and if fulfilled would have prevented the assembly of 50,000 


defective units. To demonstrate that the defects were attrilutab*: 
to Perma, Singer claims thase defects required “Perma to make 
come twelve design changes." However, those so-called design 
changes were nothing of the sort. For the most part they repre- 
sented Perma’s widening of permissible deviations from written 
part specifications at Singer's request to allow Singer to 
utilize incorrectly manufactured parts. In only one instance 
aid the parties decide that Perma should be responsible and pay 
the cost of a change. This change \as not a design deinen which 
occurred after Singer became prime contractor but one which had 
been made long before and had simply not been physically incor- 
porated on to tho written specifications which Perma delivered 
to the fabricator substituted by Singer. This alone and not 

"12 design changes" was attributable to Perma and was corrected 
as carly as September 1964. Singer still failed to manufacture 
and ship product throughout 1964. Other changes made by Perms 
were not required because of design defects but consisted of new 
ways to extend the life of the pre duct, adapt it to new-mode } 
cars and simplify production at the request of Singer. 

9. As Perma's financial condition deteriorated, Perma 

agreed to surrencer marketing as well as manufacturing rights ta 


' 


Singer and, on Decembir 21, 1964, the parties entered into a 
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a new contract which terminated the June 1964 contract. Singer 
had assured Perma that, if it acquired marketing as well as manu- 
facturing rights, it would be able to (2) alleviate Perma's 
financial problems, (2) hire more people experienced in the 
autonotive brake field and (3) invest additional monies toward 
the manufacture and marketing of the product. 

10. Under the new contract Perma assigned its appli- 
cable patents to Singer and was to receive royalties based 
initially on a fixed dollar amount per unit sold by Singer, and 

ft thereafter for 10 years on a percentage of the factory invoice 
price. The contract, although silent as to Singer's duty to 
manufacture and market the product, required it “to use sea best 
efforts" to do se (D2ft. Memo. p. 9). Only the “method"o f 
atidbeiiieiia das marketing the product was left to Singer's 
“absolute discretion". In the hint that Singer spent less 
than $100,000 annually on the advertising and prcemotional aspects 
of marketing the product, commencing wich the year 1966, then 
for that breach Porma had the right to reassignment of its 
ie patents upon the payment of $50,000 and of certain amounts pre- 
iad viously advanced by Singer on its behalf. This provision was 
included to assure Perma only that “there would be some adver- 
tising and promotion done by Singer" (Perrino Dep., PP- 211-12). 
ll. This provision was not addressed to Singer's 
~pduty to manufacture and ship units and was not intended to cc- 


fire that duty. It does not evon mention the yea~ 1965, Curing 


m.- - e) 
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which Yoroa certainly expected Singer to be manufacturing and 


chipping units and during which Singer was additionally obligated 
to do so by virtue of its having assuned Penna's obligations 
alee five dintributor contracts assigned hy Perma to Singer sim- 
ultaneously with the execution of the December 21, 1964 contract. 
These contracts alone called for the delivery by Singer of in 
excess of 50,000 iia @uring 1965. And by July 1965, Singer 
was writing distributors and customers to assure them that, after | 
having encountered certain problems, Singer now had a ‘product 
worthy of offering to the public" on which a full marketing cam=- 
paign would commence within 60 days, See e.g., Exhibit "A", 
attached hereto. It was after this that Singer, having failed 

to manufacture and deliver any units under the December contract, 
abandoned its contract with Perma claiming for the first time 
that the Anti-Skid unit was not 100% fail-safe. 

12. This occurred in October 1965, over one and one- 
quarter years after Singer had first contracted to manufacture 
and deliver Perma's Anti-Skid device, after Perma had modified 
the device to deliver increased pressures to be required in as 
yet unproduced automobiles which would have disc brakes requir- 
ing higher pressures and after extensive tests by Singer in the 
spring and summer of 1965 which demonstrated stopping distances 
for cars equipped with the device to ke consistently shorter than 
or equal to those achieved on a car not equipped with the 
Anti-Skid device. 

13. Whether the davice was “fail-safe* when Singer 


| 


hacia Perma and Singer. I of course firmly belicve that jt 


decided not to market it is the core of the present dispute 


4 


4 


was, When Perma initially. contracted with Singer, the unit had 
fail-safo mechanisms in both the sensing unit.and the vacuun i 
baa In the spring of 19U5 an additional fail-safe mechanism 
was installed ao part of a transfer valve which wae designed in 
anticipation of the automobile industries move to disc brakes 
in 1966. When Singer triec in October 1965 to avoid its con- 
tract by claiming for the first time that the unit, despite 
these various fail-safe mechanisms, was not 100% failure proof, 
Perma designed yet another back-up fail-safe mechanism which 
Singer refused to test. Singer's refusal to test a car equipped 
with this mechanism demonstrates that its rea’ concern was not 
whether the unit was fail-safe. Singer tries to exploit my 


having stated on deposition that “if the unit is not made 


properly...there could be a loss of brakes, yes" as an admission 


that the unit was not fail-safe. My statement was, of course, 
nothing more than an acknowledgment that a mechanical product — 
not built correctly may not function. Thus,for example, if 
power brakes fail because of loss of hydraulic fluid resulting 
{from a defectively assembled power unit, there may be also a ‘ 
total loss of brakes and not a reversion to the primary braking 
system, This demonstrates not an absence of a fail-safe feature 
| but a lack of sufficient quality control in manufacturing and 


testing particular units. 


' 
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14, At pages 4 and 18 of its Memorandum Singer points 
to the fact that I agreed in November 1965 that all existing 
units, including pre-Singer units, should be retrieved fran the 
field and participated in a retrieval program as proof that the 
units were not fail-safe and thus %t aus: It is, of 
course, nothing of the kind. As described above fail-safe 
features will not prevent SE ANE METAS if the necessary quality 
controls are lacking and the mechanism is improperly manufactured 
or assembled. It was in part because Perma's suppliers in 1964 
were not exercising the necessary quality coutrols that Perma 
agrecd that Singer should replace Worcester in June 1964. Si 
for this reason, the possibility of improperly manufactured 
units existed as to the pre-Singer as weil as to Singer-mace units, 
I agreed to their retrieval. It had nothing to do whatever with 
the fail-safe question. 

15. Finally, Singer petnth t6 Perma's refusal to 


accept reassignment of its patents and claims that if the product 


linad been a viable one surely Perma would have accepted the 


return of its patents in preference to this lawsuit. In making 
this claim, Singer ignores the terms of its own offer and that 

its conduct had effectively prevented Perna from again procecding 
to manufacture the product. By virtue of Singer's failure to 
market the product, Perma had been virtually without sales incane 
from June 1964 to November 1965. To cut overhead, Perma had dcurirs 


this period reduced, or lost, most of its engineering, sales and 


-lk 
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and office staffs. Singer refused to deliver to Perm. the 
thousands of units it had on hand to provide Perma with a 
production base even though approximately 5,000 of those units 
were the property of Perma. It refused to restore Perma to the 
position it was in before Singer approached it in February 1964. 
To have cone just this, without including the value of the 


1-3/4 year competitive jump which Perma lost as a result of its 


encounter with Singer, would have cost in excess of $2,000,000. 


In other words, acquiring and training new staff, developing 
advertising and dealer exposure, and prototyping the unit for 
current autovolbile models would in 1965 have cost at least this 
amount. Singer, nowever, offered merely to reassign Perna's 
patents and cefcr Perma's payment of $250,000 to Singer. In 
addition, Singer insisted on a release by Perma of all claims 
against Singer. To have accepted Singer's offer would have been 
contrary to the best interest of Perma's many shareholders. 

Perma had no funds witn which to exploit the patents, and no 
product with which to commence operations. To surrencer its 
readily provable claims for damages against Singer under these 
circunstances could not be justified. Among the additional 
damazyes caus¢d by Singer's brei.ch were (1) lost profits on firm 
orders for between 40,000 and 83,000 units depending on the date 
used to measure them; (2) lost profits on between 225,000 and 
338,000 units (depending on the date used to measure them) re- 


quired to ke purchased as a condition to maintaining franchise 


os ae 9 ee) 

agreements; and (3) lost profits of many more millions of dollars 
properly calculable on the basis of Perma's prior marketing and 
sales experience, demonstrated distributor interest, and market 
surveys demonstrating a demand for literally millions of ithe 
In ebbitien, the uniqueness of the Perma Anti-Skid device and ren 
extraordinary good will during the early 1960's led to favorable 
news coverage and publicity in the followiag nationally ai aieeie’ 
buted magazines, among others: Newsweek, Popular Mechanics, 
Popular Science, Mechanix Illustrated, Perade, This Week, Motor | 


Trends, Motor Life, Automotive News, Fleet Management News. j 

This good will, in the absence of production for 5 year 
has been conpletely lost. Furthermore, Singer's unwarranted re- 
jection of the Anti-Skid device and its erroneous statements that 
the device was not fail-safe Sietine injured Perma's good will. ; 
Finally, Singer by preventing Perma from exploiting what was then 
a unique product deprived Perma of the advantages of being many 
years ahead of conpetition. In short, Singer's breach has 


effectively eliminated Perma and its unique product from the 


market place, 


—_, 


/ ere ioe 


Frank Perrino 


Sworn to before me this 


yon AE 
Je -day of November 1969 


es 


_ V4 fi way* 


STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS 
—_————— 


OPPICE OF THE CLERK OF THE 
SUPERIOR COURT 


puty Clerk of the Surenion Count of 
and Bristol, the same being 
@ Oourt Record o 


—_—F ’ 
DO HEREBY CERTIFY, that... ri flee fn 
_, whose name is subscribed to the annexed certificate was at aatengsh pene certificatea NO 
in and for said Stale of Rhode Ts!and __sanentnanenasntncies apa eaieesp aT nanan nn sinsaiecnrstanncmmnten 
duly appointea and qualified, and authorized to administer oaths and take depositions and to take the acknowl 
edgment or proof of deeds or conveyances of lands, tenements or hereditaments lying in said Stole and which deed 
or conveyances are lo be recorded in said State; tral Lam well acquainted with the handuoriting of said 
eee |r? 77s 1 kt mth tals abey cei on wenn ramen 
and verily believe that Ue signature lo lhe said Certificate, purporting to be his, is genuine; that the laws of said 
Stale do not require the use of a seal by a nolary and ne copy of a nolary’s seal is on file or required to be on file in 
thie office. iar tly 
To attestation whereof, | hereunto subscribe my name, and 
affix Ure scal of said Court, the day and year above urillen. 


AT.......Depuly Clerk. 
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After viewing all available copies of the preced- 


ing page, counsel for Appellant believes that said page reads 


-as follows: 


July 7, 1965 


Mr. C. G. Morehouse, Vice President 
MARSH & MC LENNAN, INC. OF OREGON 
Standard Plaza 

Portland, Oregon 97204 


Dear Mr. Morehouse: 


The delays as. sociated with shipment of your Anti-Skid 
Control are wi ortunate but unavoidable, 


After acquiring the patents to the control, a controlled 
Marketing was started in the local area. Very frankly, some 
problems arose with regard to the function of the product. 
Most significant of these was a tendency for a lag or reduced 
braking at the end of the control cycle. It was found this 
was associated with the design of some of the 1555 oraking 
systems. A modification to the unit was required and 
started at once. In the mearitime, we had begun to pursue 
the automotive manufacturers for OEM application and product 
approval. Detroit requested a modification to the unit. 

They desired a greater output pressure from the control to 
answer two problems. First, a serious glazing or fading of 
brake linings would require higher output pressures that we 
offered, Secondly, with the trend toward disc brakes, 
greater output pressure was desirable. 


The solution to both conditions required changes in the 
Perma-Vac section of the Control. Redesign and modification 
was completed and a test program instituted. As is not un- 
common, a new problem arose. Stopping distances with “he 
control on dry roadway increased over those without the 
control. We certainly could not market the product without 
notifying our customers of this increased distance even if we 
did, under all conditions, give him steering control and 
reduced stopping distances except for dry roadway. 


We have tackled this problem and resolved it. The 
present unit being released for production does give equal 
or shorter stopping distances at all speeds in excess of 
30 mph. At 30 mph you give up some stopping distance some of 
the time. Our test results at this speed were mixed. We 
feel the variables present as to road, tire and lining 
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After viewing all available copies 
ing page, counsel for Appellant believes tha 


as follows: 


Mr. C. G. Morehouse H-2e 


conditions make panic stops at this speed or 
to compare on run-to-run. The average diffe 
distance at these speeds on a variety of veh 
than 5% and, in most instances, is measured 


We feel we have a product worthy of off 
public and plan a full marketing campaign fo 
limited production and sale starting within 


weeks. If you desire, we can no doubt ship 
to August lst. 


We hore this has helped to explain the 
you up-to-...:e on the program status. 


Yours very 


R. R. PATT 
Manager 


Pactory Sa 
RPP/dk 


cc: Mr. J. Kelley 
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UNITED STATES DISTRICT COURT 
SOUTHERN DISTRICT OF NEW YORK 


ee 


' PERMA RESEARCH & DEVELOPMENT 


COMPANY, 


Plaintiff, 


~against- 


' THE SINGER COMPANY, 


Defendant. 


————————— 
AFFIDAVIT IN OPPOSITION 


TO MOTION TOR SUMMARY 
JUDGNE:.7 


Se 


POLETTI FREIDIN PRASHKER FELDMAN & GARTNER 


Ansmeys foc Plaintiff, 


Office acd Post Offce Address 
777 Thitd Aveaue 
Borough of Maohattan, New York Cicy 10017 
BMUrray Hill 8-3200 


————————— 


"emcee 

t if, ; a co eee 

powers REVele + 
© - ’ f #2, ae “3 


B-Loke re 


ae ‘, C) ; , ~ 2. DEK x /o3 
eRe! x i. ie a: po 
<i |, Mr, R. Koby, ee 
segs gf Department 166 . 
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Depsrtaent 195 


4 a J. Cones 
es 4 July 25, 1964 : 
Perma Anti-Sxid Unit ~ , - 


Dear Sir: 


, : 
JS wo] - I have been advised by My, R, Ninelli of Perma 
A j Rescarch, thit there ara 1209 of the new design Gear 
% boxes tnat are ne 00d and are rot to be used unless 
ay, corrected, Prior to receiving this informtion, we 
ae were tmder the inpression taat all gear boxes «f the 
re Aa new design were good, : 


Ge On Eonésy, July 27th, wo wili contact American 

re * Optical to find out if these 1200 con be identifica 

: in someway other thin having to disassenble all c2ar 
boxes an hand, 


The reason that the 1200 GCs boxes are considered 
NO Good i9 Shit tha pinion shafs nole of the scar box 
housing (Ferza Part No, C21) was made to a -313 to 
e315 Gize, This was chanced to -315/.217 after the 
fires 1209 were made. At tht tise & decision wae rade 
to use the first 1209, however, Porsza now finds chat at 
€5 m.p.h. the unit heats up suffictlently to cnuse a 
binding conditica betiveon the pinioa shaft and Gear box 
oe housing. Raat 
‘ b 


' ed nie 2, 2°, Very truly yours, 
|” MBOKANICAL mieDeeraxe pspaRtiet 


rane . J. Gomes 
2 fl Acoistant Chicf Mgincer 

JC/es . ; 3) ane ef 
, 7 ’ i 
OO! Fonors, R, R, Patten / ve REG -~ , 
t N, Pnojouy’ an “aNWVE:) i 
F H, Snyder ft =i ‘ 
Ay Roxel Nee a de Viz a, 

Vo Z ; r ~'s Kets 

a ent 

A P T » eaten Y ee 
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Attached is 


tests performed to da 


ee me ee tee ee me 
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meeting be held to di 


AR/ms 
co: w/encl. 


Messrs, C, 


ceeeees 


ee ere 
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1, Broecker, Assistant General Manager ‘ 
; Manufscturing Division 
ay Se ° hey “eg : 
1a = ‘ ° Was * ., 3 - ® 
f “FROM: A. Romel, Department 195 stays ? : ‘ 
i - : e:* ; * . : Z 
/ DATEL Octoocer 26, 1964 namadreee i 
" "$uasecT: "Gear Boxes" for Perm Anti- Skid Units 
. ee eet oe Ht 
: i 5 ye ! 
Dear Sir: ¥. F 


a summa) of Semplesee and current 


te on gear \.xes, TI suggest that a 


seuss thesresults of these tests. : 


‘Very truly yours, 
GENERAL FABRICATION DIVISION 


— W, k : 


A, Romei, Manager 
- Manufacturing Engincering t 
Contract Sales ; 


Morris . ° Eee e a 
Fecko : 
Snyder, 
Plungis 
Snarp 
Kievy 
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Mooge 
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October 26, 1964 
8:00 A.M. 


SUMMARY OF GEAR FOX TESTING 


A/O Boxes - Modified by Quaker City Gear 


Accumulated ‘ ’ 


Milcage : : 
2959) - 
5310) 
8905) 
1420 
oe 

2816) 


Ran at a speed of 95-100 m.p.h. 


Ran eta speed of 85 m.p.h. 
s 


Ran at a speed of 73 m.p.h. 


A/O Box - All shaft hol»s were enlarged 
.005 above shaft size. 


Aecunulated milezge 9065. The first 
139 miles were at 73 m.p.h., the re- 
mainder at 85 m.p.h. 


All of the above Showed excessive gear 
wear, Tne modified Quaker City Gear 
Boxes had a partial oilite bearing on 
the pinion shaft, 


All of the above gear boxes failed. 


— 


The following have an oilite bearing 
the fvll lengtn of the pinion shaft 
pressed into the Delrin housing. 
Failed Operated at a speed 
of 80 m.p.h. Gear 
teeth were worn be- 


5240 
(Gear Retio) 


1:1-1/2 yond point of engag- 
: ing. Gear and shaft 
i : were pinned. 
E-1069 
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‘ oe ~ ra ‘ Lp. 
sai ee pane: Ee. 4 ad : ié 
-2- 
Accumulated 
Ccar_ Pox Mileage 
#8 12953 Failed Operated at a speed of 


73 m.p.h. Gear tectn 

(Gear Ratio) were worn beyond point 

1:1-1/2 of engaring. Approxi- 
mately 10,009 eycles 
of intermittent start- 
ing and stopping were 
inflicted on tnis cox. 
Gear (driving) was held 
by a set screw end 
loctite. Tis held. 


#9 8500 Failed Operated at a speed of 
- 80 m.p.h. , Gear teetn 
(Gear Ratio) were worn beycnd point 
1:1-1/2 of engeging. ‘oy Dean 
* lube was used 


#10 . 17528 Operating Showing some signs of 
ear wear, Luoriplate 
(Gear Ratio) There type is used. 
1:1-1/2 Operating at a speed of 
: 50 m.p.h. 
#11 8522 Operating Showing signs or excess- 


ive gear wear. Jperaving 
(Gear Ratio) at a speed of 80 m.p.n. 
1:1-1/2 Gear is pinned to shart, 


. 


All of the above gear boxes have brass Gears. 


Swank - Gear "ox 9/18/64 
Swank i#/1 1536 Failed Speedometer reading 2t 


start of test 1327.6 - 
ran at 74 m.p.n. Tne 
test stand was stopped 
at 2254.4. A total ft 
926.8 miles traveled. 


9/21/64 | 
Increased the speed to i 
97 m.p.h. - the pin 
sheared off innedictely. 
Stopped the stand at 
25h 8. 


. ¢ 
.. The gear box was taken ote 
Piri oka apart - found excessive ee 
: ao wear on toth gcars. . 
i ' a 
. see 
‘ ’ \ “r 
‘ \ % 
' “y+ 
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Se TE ee 


ke On ee ee a ee me 


| 
| 
| 


Swank #2 


(Dx lll, 


«3 


Accutulated 
__Hileage 


17528 Operating 


The -huod face was worn 
{rregular from .352-.350 
in ‘spots, 


The hub face riding against 


. the gear box housing wore 


a@ groove in the housing. 


The gear shaft showed signs 
of out - off roundness as 
did the holes in the hous- 
ing. 


40005 to .001 .0005 to .OO1 


Tne pinion shaft pilot 
showed a wear off .0002, 


: . 9/21/64 
The gear box was assem>led 
and "Aero" type lubriplate 
“grease was packed into the 
nousing. 
Tne speed was reduced to 
7O m.p.h. and test stand 
started. Speedometer rcac- 
ing was 2254 .8. 


The test stand was stopped 
with the svecdometer reading 
2863.7 - Monday night - 
9/21/64. 


In the morning of 9/22/64 - 
the test stand was restarted 
but the gear box was in- 
operative, Upon disassembly 
4t was found that tne gears 
were worn beyond the point 
ef meshing. A total of 

1536 miles were. traveled. 


Showing some signs of gear 
wear, Lube #175 used. 


(Gear Ratio) Operating at a speed of 


60 m.p.h. 


oe 


aa? Accumulated 
Gear Box Mileage 


Stewart 17528 Operating Sealed unit - unable to 
: observe gear wear, 
Operating at a speed of 
80 m.p.h. 


From all A/O Gear Boxes modified by Quaker 
City Gear as well as the Swank Gear Box, 
show signs of leaking lubrication, 


Each Sensing Unit show signs of grease en- 
tering thru the connecting cable. 


A/O - Modified by Quaker City Gear 
#13 2900 Operating Brass pinion gear - 
- Steel ‘driving gear - 
TLubriplate (Aero) crease. 
Operating at a speed of 
Ta mp... 


Operating Steel pinion gear - 
Brass driving gear - 
Lubriplate (Aero) greese. 
Operating at a speed of 
Té mph. 


Operating 


Operating Steel pinion gear - 
Steel driving ceer - 
Mil. grease 3278 used. 
Operating at a speed of 
72 mco.h. 
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DEFENDANT'S EXNIBIT 114 


caistent General Menacer 
Foancractur Asie. Division 


Attached 149 4a swonary of cour box 
rs 
sted to faklure 
Lor cos wTLECAs 
Very | traly yo.r's, 


OLL rmAL F. Dra ee he AY pe PIVISrs} 


Ch, Foul 


Cont met falc 


Qenaral 


Jinnulcetuilic: 
Contract Sales 


Noversvor 


Sw Tyee 
SIIN mST 


ACCUIULAPTED 

VR NOX 1 

Operating Sedlcd Unit 
Herve Cex: 
Cpombinrs at 


A/o_- MOMESiAD BY OUAKIR cITy Cran 


23,002 Operative 


Operative Steel 
Vaving Cear 
(hevo) Creag 
Onzcoratirss at 
Taken off Stand 
Lor Goav Nox 72 


Operating boa33 Pinte: 
Brivins: Coiz 
(Acro) Crea: 
Croraling 
Cony teeth 
Fnd play .005 ctavt 
Mad play .010 present 


Operating 27399 Finton Cese 
Pelvirg; Gear 
(Aczo) Grea: 
Openrtins at 
Goa bcoth 
Pred pucy Go 
Ine play 
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Cea, 


Luli: 


4 


s2t!  » 4 


07 Gorr and FPantioa 


13,322 Operative Rrass Plnion Ccar - Erass 
- Lubriplatve 


for Corr Lox if<7. 


Operating Steel Pinion Cear - Bras 
Driving Gear - Fal. Creuse 
3270 uscd. Sates 
(Operting ut a enocd of CC 1 
Gear tccsh vnow detinive wes 
nd play .O) sv 


val 


Bid play .Cus presene 


Operabans Stceol Pinion Ges: 
Driving Go23 
32/6 uscd. 
Orsiating ata 

Gear Geecth ahe:. : 

Fnd play CC} ctai's. 

Rid play .Oo) presene thi 


STARTED Operating Stect Pinion Ccav - leuss 
Deiving Gear - Mili, Everse 
3270 uscd. 
Operating at a gored of CO n.pel 


+ 


Ind play .O0D Gvalve. 


ROSE WecusiICs 


Operative Praca Pinten Ge 


Savas Coayr @ 


fox: 114, p. 3) 


iT 
1] 


S | IN ¢ 


WIZMORANDEUL 
ale (inst steccr ° Chire nt ts, 


’ ; AK z 
Y a 


(SA 


FROM: >} re - b> p23 r T 7 
DATE: it RETR TOr 


$UNJECT: 


tricd 
velope 


4nboard whi 
lever const 
are mounted 
also helps 


‘General Pabvleatton Tivislan 
Nanvracturins cinecrins 
Contract Sales. 


Hoventer 24, 19S" 
AIF TINY OF GUAR POX TST 


« 


ACCULTILATED 
Gin 1% _IGLMAGE 


Staiart 56,000 ; Ceara cidn't fail but ch 
. definite si ‘m3 Of woo, 
Lox Wao removed because cir 
froa edjcining toxes Mmiricned 
aroiwmd gears and cayzed it to 
bine, Unit was disasseutled, 


‘p/0_- IODIFTAD BY _QVAKFR CIT? CRAR 


26,119 Paiicd Brocs Pinion Goar - Do=03 
. Deivi:v; Gear = Lubtiplaite 

(Acwo) Creciae. 
Comdting at 2 Brees a oc con - 


a her 
Cour vecun shoi i G er ly 14‘ v@Q Vicor, 
End play ,Oc5 stare. 


Ind 1ay 0210 present time. 


Mrags Pinion 

Irivings Gsa> 

(Acre) Cicase 

Ozombins at 

Ccar testa : 

End play .CO> st 
- End picy .023 erenen’ tine. 


Steel Pinion Gear - brass 
Iriving Goar - Hil. 

3278 used. 

Operating at a spce 

Ceay teeth snow dclint 
Fr:0 ploy C05 stort. 

Fnd play .069> present 
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ACCUWVLATED 

GEN DY _ HTL Gs 
. $23 11,776 Operating Steel Pinien Cear - Bras 
Driving Gear «- i281, Goes 

3273 uscd. 

Onoratims of a cece 
Goar tees: fou oi2 
: =f : Fnd plisy .Cc 4 SCaivt 
. sist End play .CC+ present 


£29 11,433 Operating teel Pinton Gear - fro 
no . Driving Cesar - til. Gee 
: °. 3275 used, 
bs f ; "e? OsozeSing ab a speed ct S> 2.90% 
; . End play C22 start. 
End pley .0235 present tine, 


E-1078 i 
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DEFENDANT'S EXHIBIT 118 


ee ee | 


Hr. Ce W, Trocker - Assistant Ceneral ihnacer 
- Monulecturing Division 


A. Ronel - Innager - Department 195 
December 3, 1964 


"Coar Toren" for Porm Anticstd Unit 


Dear Sirs 


Attached 19 a swrmmvy of gear box life test re- 
pulits to cate. Plcase note tinut wie are again testing a 
mit to coterzine whether the set screv on the cear will 
withstsnd snce losdas. We hive done tits before bu’ feel 
adcditicnal tessa are required cuc to a recens consleint 

. froa the ee Tne probiea 15 probably ene of proper 

ecntrol ty the vendor. He has been notified by ir, "sore 
of the ecaziaint. ‘ 


The pcbice2 of tight or binding cceer boxes 
aprarontly has not decn corrected Ly the vendo» aince a 
lerge poreentace o*’ units are being: rojeceted for this dee 
fect, 

cned to onvironnon .1 
ense cf -15% to 
. that the toraue 
19 increased ty a 
at rooa tecnerctures. 
gt: c cut "206 he are presently 
fap th * the glistis Coars on the 
tandé this ic: 1d. We recomend tiet the 
t 
e 


st s 
teat coer to:23 b 
20>? Static to 
Drccstred to tura 

factor cf ten tin 
Details of those ¢ 
takin; cte:s <O ¢ 
eciptors3 will wt: 

use cf these hee 

mition {is availzble 


Yeo 0 ve 


held 4n abeyense until this infor- 


We have not received the six sacple mits froa 
Stewart to cate, . 


Very truly yours, 
WERAL PALRICATIO DIVISICN 


A, R6201, th 
Monufecturing enc 
: Coatsuct 
Att. 
co: ikosra, J, Fecxo R. Patten 
. « Aeans J. Voorea 
Ne KlovbyZ YU. Snrarvp 
0. Plunsis 


ee ee ee wo ee mee 
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General Fabrication Division 


minvulacturing Enzineering 
Contract Sales 


Decenber 3, 1554 ARAasz 


f 
V4 SUTARY OF GVARIDX TEST 
AZO _- MODIFIED HY QUAKER CITY GZAR 
ACCUMULATED 
GEAR LOX HET TAGE 
{23 50,212 Operating Era33 Plnicn Ccar - Brass 
: Driving Gear - Lutriplate 
(Aero) Creace. 
Opersting ut a specd cf £0 m..h, 
Gear teeth show definite vicar, 
rf 34,020 Operating Steel Pinion Gear - Brass 
sent Driving Cear ~ itl. Grease 
3278 uscd, 
( Operating at a speed of $0 n.n.h. 
Gear teeth Ghow dcrinite ii ‘car, 
7/23 27,281 Operating Steel Pinion Cce2ar - Erass 
Driving; Gear - Mil. Crease 
. 3278 used, 
Operating at a speed of 72 m.o.h. 
Qear teeth show slisht weer, 
#29 23,613 Operating Steel Pinton Gear - Fracs 
Driving Gcar - Hil. Grease 
3278 used. 
. Operating et a specd of 80 n.p.h. 
£30 16,810 Ose1u ting Same as above, 
#31 
thru 1,463 Operating Stecl Pinicn Gear - Brass 
£3 Drivin: Gear - Mil, Grease 
8 used, w/Rotat Lag, Cc 
: $278 ured 4 ai/Re Speed PUY ideDore 
( °36 Cycle intex rstttontly Operating Same as above, 
4300 tines 
E-1087 
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Sensing Unit 


Cear Boxs 
8-3-4 (Loose) 
S-J-4 (Iodiun) 
$-J-h (Tight) 
$-K-h (1) 
8-K-)) (2) 
S-K~i (3) 
$-K-!. (5) 


3 Torqus - 1009 RP. 


Aimer, he cae eee nee ene ne 


Roo:1 Ten. 


in./oz. 
in,/oz. 
in./oz. 
in,/oz. 
in./oz. 
in./oz. 
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2 150P 


10 in./oz. 


in./oz. 
in, /oz. 
in./oz. 
in./oz. 
in./oz. 
in./oz. 
Over 50 jn./oz, 


woes fef 


P 9h ines 5 ac 
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the “ible v1.0 


+ oe SE: IN E R CO M:-P ‘AN Y' 
. EV RADETN PLANT 


Ps t 
Set pinot BYACKT, CLILADETM, Mew vERoCY 201 €\ 8-9900 
we es ° 


- ee . 


‘October 21, 1964 


e +. 


+ Me Bes. Murphy, Assigtent een e reer 
The Singer Comeny 
Manvfacturing Divisioa 
30 Rockefeller Plaza 
New York 20, New York 


Dear Hr. Murphy?’ 


The attached report outline: our present positiloa under 
@ manufacturing Mecasing esreexent with the Perma Research & 
Develepnent Company and the “alternative courses of actloa-nov 

‘open to us segarding ovr future selattoaship vith this Companys. = 


e « 


In vicw of the’ very small addtional. {nvestuent requires ~ 
sents, potentlal profic parcins and {rplfeations inherent {n each . 
altcrastive, {ct fs t xe to negotlate vith 
* Perea tcvard concluding a new agreerent along t the lincs stova 
{n this report. Fie it tek é . f : 

We shall mwealt al advice on this matter bcefore~ 
Proceeding further. , : id 


“Yours very truly, 


ea e:6 
Ss Warr ‘ 
: Cecth S$. Mozzia: 
Ceneral Hanecer 


Robert A, Klooy 
Octodcr 21, 1956 


PERMA AUTI-SKID CONTROL DEVICE 
LICENSING AGREDMENT 


On June 18, 1964 The Singer Company's Elfzabdcth Plant ente : 


into a tvo-ycar leensing Sereenent with the Perna Research & Development 
Conpany for the exclusive manufacturing rights to the Perna Anti-Skid 
Control Device. Becouse of quality” problens encountered fa parts suppited. 


by outside vendors and a design deficiency fa a gear box, vith was uncovered 


by ovr Quality Control testing procedure, only a token shipoent of $00 units 


has been made to date. These problecs appear to be resolved and shiprents ". 


should resure before the end of Octoder. Rovever, during this tice Perra 


* has continucd with its marketing progrea without benefit of cash flow froa 
product shipeents to offset the expecses being incurred. Perca has now 


reached the point vhere they cannot continue with thelr marketing and -~ 


engineering progrars without benefit of nev financing. « 


- oe 


As an alternative to refinancing, Perca has offered a proposal ; 
which would allow us to eqand’ the scope of our present llceasing SN: 


and substantially inctease our potentie? profit rargin. 


Although raay ectatls of a3 expanded licensing agreencnt renal” 
= eo” 
to be worked out, pending approval to proceed along these lines, Pera’ 8 


offer de sascie ih as follovss ...- : 


4 Perna vould give to Stoger ail rights te the United States to {ts 


Antt- Skid Control and the patents wnies this device. Our rights under 
the existing acreercat cover canufscturing only, at a fixed selling price to 


Perna, The present price of $35.00/unit beco res “renegottadle after $0,000 — 


units and the contract expires after 250,000 units, or in Juoe 1966, 


whichever corce f{fret. 


E-1084 


In return for these rights and the additional potent{al profits 


aceru{ng to Singer from thes, Perna vould expect to recelve @ royaity, © 


payoont for each unit sold based on the folloving echedules 


= . - . . - ‘ esp ‘ 


$10.00 per eatt for the fLrst 300,000 watts one 


. 2 . 4 
7 . ‘ 


15Z of Stnget 3s selling price fee an next 200,000 vaitse ee 


Based oa pone cated prices at ‘that eatnt, this should amount | ‘ 


sb een Sh 00 or $7. 00 per ile ois 
» © . 7 


" 102 of Singer's selling ; ‘p~ek per unit for each additional 


vait sold over the renaining life of the original patent 


. (present 1Lf_¢—13 years). It is eaticated that this should ae" 


anoint to adout $3.00 per wie ° 


Original equfprent ranufacturers’ sales are subject to separate a 


negotlationse | he ae gp iterns “tS 


Ta atétgtea to the aforersntioned toy alty arrsngecent, Peres is 


. = - 


"asking for & cash payreat of approxizately $150, va to liquidate thelt.. 


¢urreat Madiltetes. The cajor Mability {s the balence, of $82, 009 | en 3 he oF 


 Seall Busine $$ Aantats Cratos losa. It is highly desirable,’ if not 
penbaterys that hese Mtadtiittes ve liquidated pz ppeasery. because of price 


lieas” aad SZA linitations oa einstein such agreenestes: 8 


. one 2° 


ea 
‘ . 
Spas © oge* 
cme @ ° 


‘Conthogent vpoa isstevel in privet ple to proceed »ve feel that 
the following couaterproposal vill serve as an saenphayis basis for conttautng 


ot.te 


[Dx 191, p 


ee 


with nocotLetions tovard on expanded Ifcensing agreerent with Pernas. 


aT) e ; e 
“Besed on our present costs and Terca’s lovest selling price, as° 


+ well as onticipated cost treductioos, the aforementioned royalty schedvle . ee 
fs, fo our opinion. acceptable. . This vill be shown in detail fm a later . 


P exhibit. ‘ PaR el : te a bi : “ .* 


~ 


A cash payzent, Independent of royalties, to Uquicate Permats 
Mabilittes {s not sa a sal As a practical batter, hosever, sone 
_atrangerent vould Save. to be cate to tcke care of these tabtitetes te 
“and when aa agreeneat: was seadhed, We vould propose sigueunis advance royatty 


" payrents suffictent to ret Perza‘s curr cent © obltgations but not to exceed 


* $150, 000 fa'totale.. «0 v. 


. ° ° :* a 9, 
ow : on F “a ee, 


As part of such aa agreesent, Sloges would de assunitig additiensl 


engincering tesz poasib{itty such as prototyping of nev todel cars, testing, 


and went product Sevelegnent and refinement. Terca fs pr esently 
adequately set up to perfor these services, It vould be destradle end er 


_ probably “less costly froa our stangpotnt to have Pema provide these cervices 


° ‘for a one year pertod under a t canteal services contract. The anavel cost, 


‘of such a contract {s estinated | at oe thea $100, 0006 


e°s° ” Mae en . o° . one tie 


< - 


then Stoger-Eltzabeth ea tered {nto the preseat lLceasing agreceent | 


“ute Pera {n June of this year, tt. vas tecogatzed that aa elexent of risk 


été exist. As {ao all subcontracting sf ttuations, Stager-Eltzabeth | vas required. 


. e- ©. 


to butte sore Aoveatortes and make ouuckbas ordcer comttreats, tn order to are 


* fabricate the proéuct. The vaxtous extent of our Labi itty {a these. cor{tnents pi 


F « apprenteates $500, 000. The risk elers nt centers around the eet that Perna’ . 


E-1086 
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Sueateries {in the event no units contd be’ sold. As vatts are sold, our 


_Mavestrent tn materials dicintshes Snast proportionately and after 50,000° 


units the risk element becomes relatively stall. Considerabd « vidence , 


_ exists ts eddition to steeetbuter, contracts with Perma to rake us quite con- 


fident that many tien nore than 50,000 units can be ‘eet 


. 7 d ; - m) UB . AE he ROE : 
er $ . . come . ° x . BS 


Ve % At the present tine, as vell as prior, to our contract vith Perna, ° 


ft fs felt that the _potenttal profits, even ‘fa the pre ra, far outweigh: 


the potentfLal risk.. a aveapteks 


* As previously einetiheks 3 a situatica has evolved vherefa ‘Staiger 


_ Elfzabeth nov has an opportunity to change the terrs end conditions of its* 


_ present licensing serpteont vith Pereite; oes 


* Ba.ically, tvo alternatives are open to Singer-Ellzabeths . 


¢*6 M @ 30 
*e em vee e 
“ 


"le “To continue to operste under our presest ceaufecturing — 


- Meensing ngppenens acd inforn Perma to seek pew 
weg Sigh Pe 4 : < : 
ftnanctog. EA eRe ee 


“To expand our agreer ent to include sarketing, as well os 


: Banufacturing rights, . 


. ° he eos 
os cae.’ ri 
es . \e 


“outlined below: 
Market Potential . 
to order, to estadlish a baste for subsequent esiculattons, an: 


‘estinate of the tarket potential Sor the product ce necessary. Ove 


rere : HI ey 
€ oo OF Oren Rn a SES Ee 
Ce 00 ete we me emmone we os - : 
st “a 
‘ 


. 
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ao ee 


‘ “— ««. 


conservative estinates of the potentLal for the-next {ve years fs as 


sfollovss ots ete ee “A 


"ee e *% . F le 6 a i - 


. 
~~ - ee . 
@ es . ° 


o.% . e 


- Ast Year | $0,000 Units * 


2nd Year. =. “ 100,000 Units 


3rd Year, ~ 200,000 Unita 


_ &th Tear’. 200,000 Units 


4 Sth Year | > 200,000 Units 
Se Mi te Seer ee shies ee 4S 


Sone of the factors vhich vere considered 4a arriving at these - 


e ~ . ° - 
ee Ee Si ee 8 en aie: 


figures weret ©" 
*- ‘ f° . 


Passenger car registrations.- 70 Hillfoae © 


_-—— 
a 


Annual new car productioa = 7.5 Hillfoa. 


- 
- + . i as Ca” . mit .* - 
~ a = ae ; 25 : - F as ‘ 


St. Johns estinate Canad’an market at better thaa 16,000 -: 
vatts per year and vill purchsse at 
: €orponents fron Singer-Elf{zabeth {n first yeate ; 


e 


least this cany ects of .. 


. e +¢ 
- os ef c* @ Pras . e . . e # ° ex +e 


. Endprsenent dy safety councils and Lasuraace cospeny 
. 7 ae aye a es i a a . A 
assoctatloase |. Be cath nih Bikey! tome aus aN Pe eset 


. * 6 : “ pee 
ae e+ a) . - 
- - er an — oe et he e 


s acd 


ae. Ree re 


Docurested evidence of strong interest sho-a by fleet 
governzent ageaclese + le FLL dE FER * 


* - mae A . ; . te “ 
wnt i . eter eee 


Existing e{stributor contracts. - 


ett. Pane: * . ar ae 
Sales to date of 2,000 units, ¥ 


E, cccncsninpeen th were tia 


we 
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Alternative a 
° - . o . ; « ? . ad . 
é . 7 . 
Continye under Present Arrcement 
sl ie ; ‘ 


ate . 
ov “te . ret e, 00° ” 
@ » ~ e ° ° 


Our present selling price ‘and Eanufacturing cost are as follows 


. . 
- 
. . 
oe ° . + 5 e 
2 . . *e« 
. . ? 


Selling Price/Unit.. $35.00 
Singer Cost/Onit - : 30.00 


_. Profit Margin °°. $ 5.00 


‘ 


Total Profit Margia se 


for 1st Year (50,000 Uafts) 4 $250,000 


Our nenstackobtne cost of $30. 00/vatt tngluges rater! = © labor, 


“qualtey con trol, ptecust testing, product engineering for cost reductioa™ 


purposes and ovethead at full absorptions 
‘ ; ; Me 


te 


Under® the terns of ovr present contract the selling price of 
$35. 00 beconss nagertibte after $0,009 units. It ts felt thaty at, a henty 


ve cin ‘expect to atatatn our present $5. Oofunte. esrstoc 


Based on the estinated potential and assusing a $5.00 eergia ca 


ve paintatned ‘tn negotiations over thi next five years, the gotal profit 


eargins are as follows: - “. 


"St yates 8 Zoeat Maret - 
oO! ee we ae 
100, 000s... *''.” "$00,000 * 


*200,000''* °". | 2,000,000 -~. 


"200,000 +! Y. ” 1,000,000 
"200,000° * °° 2,000,000 


{Dx 191 


‘ .P 


/ 
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‘ 
eee teem 


Hovever, ovr present contract expires after 250, 000 watts, ‘or fn 
June a 1966, uhichever comes first. If sales approach our estimates, it 
is post iikely that we vill be bi2ding congas tivesy with other ceopentye 


at thet tine. resulting ina Goes sai and possibly loss of the contract. 


a * 6 wile e . aie Sip - 


>. 9 en sent hes provteed a of the “tooling for this protuct,’ 
Singer-Eltzsbeth {nvestrent {s as yoertauehy rentioned, confined to parss 


inventories and purchase oréet comaltrents. After the first 50,000 units ** 


are shipped, ot dunnntaoel in Laventories and purchase a ad cor-itrents 


should not aual $100,000- ey 
» €° e 2 . Ads 


. ° . ¢ 
. 2i¢@ e bs 
+ 


. " Alternative 3 P a 


Present Az reerant i a oe, se 
ee ° elf BB eee 


bait Onder on eo -empented Meenstog agroceeat along. the lines of the, 
proposal previously outlinedy Sfnper-Eltz zadeth vould ass che ret ‘wecing 
‘ and” engineering responsibility “but saa also substanttatly taerease the ; 
profit margin. Tae increased eargia as ‘ell as the additional cost of. 


assuning these funegioss for the first 50, 000 vatts are as follesst ¥2 


Total’ + . 
irs $ $0,009 009 ) Patts 


—_—_——— 


Sh oe ee ae . 8 oe ‘ sf 
Selling Price A eee 2,550,000 . 


‘ anefecturing Cost... - pet ot sa Bei "1,590,000 P 
My Engineering Cost PES a . a ve 900,009. *, 
Merheting Cet’ PPE Dh 150,000 . 


profit Margia a nt ep Sis * we : _ 20, 000 . 
Royalty. 5 ae f ST a ogee $00, 000 


ome ee 


“- Profit Margta rtee Tt 


$31. 00 ts re 3 price to Sarchouse tanita Lo 


“Meets and S0vernnent Senenhita Tonge free $60. 00 to $20.00 j 


. . s e . 


. . Noe * 


Py contract, the responsibility and cost of sex 


advertising and sales promotioa {s borne by oe distribu 


“ untt dt distributor level {3 earzarked for shewhalie, 


“After the first $0,000 -aits, vhen sore very unfavor 
oréer comltocnts are satisfied, the ranvfacturing cost s} 

_ around $22.00 per units After 300,000 units, this cost >! 
_sdout $15.00 per untt. fa. eny event, it hes been conservat! 
thet a $6, O0/unte cargin can de baintatned on the {{rst 59, 
better than $10. oovuntt on all additlonst units. Expressed in t 


tarzins, this arounts to the fellectogs 


$0,000. 
100,000. 
; * 200,000 
200,000 "=. “. + 2,000,000 
200,000 Poe sea 2,000,009 


a> 


Stnger-Eltzabeth investeent {no Sideabachie rerains 


in Alternative — .: 


hr ‘ 
-< i. bad ‘ 
‘ ” 


Advasce royalty pays =onts vould have to be nade to 
“Mabeitetes, the total azount not to exceed $150,000. This 
iehissibiens risk for wp to the first 15,000 watts only, the 1 


; ; : 
reverts to a “pay-as-you-go” situatlons 
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The additional engincering expense can bc 


of on engineering service contract with Perma, The 


should be under $109,000 and payrents can be nals 


or The marketing expense at the outset vould 


edding. these people to our Sales Departrent, plus 


The erates Presently haben ween by the dtoert utors 


" promotion and advertising should suffice until « better 


“acceptance can be cotten.. Total marketing expense for 


i _ vatts shevid not exceed $150,000; vith the option of curt 
" anytime that te 4ppears desf{rable es $0. 


~ 


. 
sere . ? 2 
Pee ORI T wea tes VS SON APES oe ‘ 
‘ . . - en . 


In view of the foregoing, tt {3 recor nenided that 


that 


contious {ts negotiations vith Perma tovard concluding aa 


fcensing agreement, . 


e 
. 
4 . 
. . 


if 
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FENDANT'S EXHIBIT 195 (PAGES 1-4) 


wud ow the tee 


|i? no fit Ml LE. 


RESEARCH ALD OLVILOPMEINE COMPANT 


ne 


Cn ie hme ee ent Cte 


BSL WAGHNGION, NORTH ATILTEDTO, MASSACHUSETTS G2761 
AP(A CI) TEL 699 C602 + ARTA 407 VEL. 725-6300 


Mr. Robert Patten 

The Singer Company 
32] First Street 
Elizabeth, New Jersey 


Dear Bob 


Attached i estimated buéget projection that I foel would 
effectively ki the marketing progran,. 


The advertising program mast be put into effect at once so 
that distributor inquiries may be generated ireacdiately. 


ease call on mo if you require clarification or explana-_ 
tion. : 


« 


Sincere’ sf 


Zs 


F ae 
| £ “Sam Karp ‘ 


".. -Viee President, 


[DX 195, p 


Nhe peak <r pl nee AP 


e. Page oid 


Advertising: 


nee 


2nd month - 


This proposal is. f 
us busy until earl 
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BUDGET P)O JECTION 


Editions ~- .2 column X 4" 
2 adds each’weck for 4 weeks 


$120. cach week 


4- 7X10" Adds- 
Automotive News 
$644.00 cach week 


Cut above advertising by SO% 
Wall Street Journal 

1 - add eech week for 4 weeks 
2~- 7X10 Adds Autonotive News 


~ 


or 2 months and should generate enough interest to keep 
y summer. I do not believe further tride advertising 
would be required until August or September of 1965. : 
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lst month - Wall Street Journal - Sorters ona’ Mia Vest 


» 


November 30, 


p 


( PERMA RESEARCH AND DEVELOPMENT COMPANY, NORTH ATTLEBORO, MASSACHUSETTS 


1964 


~ Total for 4 weeks 


- Total for 4 weeks $2,576. 


2) 


$4,480. 


$2,240. 
$1,285. 


$10,584. 


— eee ee one ets. 


Expenses - (3 men) 
Telephone - 


Miscellaneous - 


PISTR VILA. RESCArci AND DEVCLOPIMENT. COMPANY, NORTH ATTLEBORO, MASSACHUSETTS 


wuts Cooassmaree bast od 


November 30, 1964 


BUDGET Proros, 


Show and Exhibitions: 


I.A.S.I. Show 


Annuclly 


(International Avtomotive Service Industries) 
¢ 


and 1 other show, 


Membership M.E.M.A. 


(Motor Ecuipment Manufictur 
This membership a requirer 


in I.A.S.I. Show 


Traveling-Entertzinuent: 


(Mailing, Petty 
Gash, supplies, etc.) 


Estimated A 
page) 


(thi: 


Estimate 
Estimate 


Estimate 


900.00 


Monthly 


$ z% 500. 


600. 7,200.00 


nmnuzl Total 
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ee ret TMLAX RESEARCH AND DCVELOPIAENT COMPANY, NORTH ATTLEBORO, MASSACHUSETTS 


er ee AT 


November 30, 1964 


BUDGET PRCPOSAL 


Sales Promotion Material: 


As shown on ‘attached inventory list “$9,600.00 


Nost of the ehove investment may be re- couped beccuse of 
re-sale to distributors. 


Exception would be the convention display. 


Future Reauirenent: 


An assortment of Decler Newspaper Matés - Est. 1,200.00 


TT 


an 


x 
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NO MATERIAL ON PAGE E-1997 


DEFENDANT'S EXHIBIT 197 


4 


Decerdor' 11, 1964 - 


Mr. Ed‘ Wright 

Car Controls, Ince 

2762 Wast Bancroft Stredgt 
Toledo, Calo - * 


Doar Eds : : me fate 


No necd now to hold back. ‘Tho new product is in high 
procuction and the quality and performance is great. I would se- 
consend you put your efforts in high cocar and take advantaga oF the 
weather. You way count on all of us at Perza to help in ony way 
posaibla. ‘ : ptt Pause eae 


Ford Police cara no lome?r present a prodblen. You may usa 
tha new production units with conficence. ‘Ge only thing you must be 
careful of io to rake sure the car uses a STLUL gear on the dviva shazte 
In 4t 40 ecvipped with a plastic gear then obtain a steel duplicate 
froa any Yord Dealer and procecd with installation in tha usual cannar. 


We have prototyped the F100 Ford 3/4 Ton Truck with a V3 
ersino. Wa will protetyps tho V6 nedel within a’week or 10 days. 
Your nan iy colicit business Yor thio redul Ford and we will mal:e 
thea availablo. . ss ‘ 


For Conets infonzation, wa will ship on lenday, Decesber 
léth the 7 Rencix Hydrovacs direct to tha Kettoring Poiica Departaent 
Garage via Truck Prepaid. : 

Ed, please bear with ug about ono nore week and L 
cara of your inventory fron Payton. By sha tica you xeccive t 
letter, wa Will probably have signed the agreenent with Singer and 
Zod relative to tha return of that predict will ba mich casicr. Le 
besured that I will sead you a teleoxvan advising you of tha Gignira 
and fesectately after I chall give,you chipping dnotructiona Lor the 
Dayton Ariuature inventory. Mae ' ean ‘ 


4 
“ 
‘ 


Sincarcly, * 
‘ . 
SRM RULSTARCH AMD DAVSLOPISNT CCHPANY 


San Karp, 
Vico Peeolidtont, Ttarketing 


Skijb 


. ‘* 
ae 
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or tt DEFEND. 


e * hia 


¢ C emia 


- 


J 


dat Fimst stacey Curleotta, a, 


CUISIVNAKC|AUS ! . | S | IN] G [S IR 


tir, C. We. Broeker - Assistent Ceneral iinager 
Menufecturing Division 

A. Romel . 

December 23, 1564 » 7 5) neeuntos ARsms 


"Cear Boxes" for Perma Anti-Skid Unit . 


. 


Attacheé is a s seTy of gear tox life test re- 
sults to date. 3 


We have h2d no prenzture 
s condinetion of seers. T. 


s 
e thet tae veas prosiea : 
| 

r 


fiures with the steel 
eccunuleted milezse 

4 a en resolvec. ‘She 

1 be continues 49 fails om grensitive coxpas- 
ose$, on the americen 0 cal units now on test. 

{nz of Anerieen Optical ocoxes will be termine ted 
2 teses are consisted. Testing of Stevars tyre 

s will be continued to verify the previous acces 


results. ’ 2 


3 
. 
' 


meximua peraissecle torgcue reouirement 
102 nes teen estetlished by tnis depar 
rp ic’ 
“ 


ee 
@ 

3 

0 

a 

<ri+ 


cel geer toxes. Foxes which éon 


m 
J 


teztion are to te run-in at 1000 R.P.ik 
minutes. This ~oczdure wes tried and proveé sz 
Tne new ae San test stené can te used for thts 
Semple scer boxes odteined fron 7. I. S* evert se 
2 in.-9z. au surjected So torque tests at roon 
A slight increase was noveé upon cooling the unit: 
still met tne specification. 


rg 
$02 sper 
rv QO cher 
° 
So 
ee 


oc 
4 
a 
. 


be | 


sv cr 


Torque tests talzen on several 
that they should withstand the leeds 25¢p 
able to sheex loed these units out Pern2 
had no failures to date. The 21 Sootn 2 
cussed as being too week has been elinin 


° 
} 


arn cn ees 


wv O 


. Very truly yours, ; - es 


A. Roncl, eit 


We nuzecsuring Engineering ee ie 
Z Contrect Sales WH ye 4 


or 


Att.: Surary Sure mf : ; + 
oe D- 932) 5 er Oxy 
; ? FF ie He / hod ai : ee Ls . » 


eo at ia 
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“series « 


GENERAL FAERICATION DIVISION a 


NT'S EXHIBIT 233 HP ati hc 
tc ern Si en . AoE ad & — 
| «USF, 


oo 


Pay ee i 


A/o - “ED 


ACCUMULATED 
MILEAGE 


69,000 


ee i 80 m.p.h. 
55,231 Operating “Steel Pinien Geer - = 
‘ ia privins Geer - WiLL. Gre 
3278 used. 
- - Operating et 2 speed of 
‘ 72 m.p.ne 
60,121 Operating . Steel pinion Gee> - F>: 
j . “ Driving Geer - MAL. Gre 
: ° ; 8 used. 
Sy Operating 2% a speed of 
: + . : §0 m.epNe ° 
48,312 Operating Seme 25 above. | 
32,721 Operating beel Pinion Geer - Bz: 
ee Driving Geer ~ ‘lil. oF 
: a 3278 used w/Retesnings © 
glut. 38 Operating et 2 speed of 
; a, 80 m.p.h. 
32,721 Operating Scme es above. 
32,721 Operating Sene 25 2bove. | 
“ 32,72% ¥ Operating | Sone as above. 
"9 . Pe 2 ii Oe ae Fete wie meee aise 
saa 203 ; és went age el 
ee he ‘° . 45: ; hee 
pie Mae yaaa” ee ty tov 


0 ehe wocel. Se ‘etes 
. 
. 
» © 


Faised 


Operating 


semen eee © EDX 233, Pp 2] 


tere 
‘ 


Generel Febrication Divici 
Menvfecturing Engineerin: 


Contract S2ies 


December 21, 1554 


SUMMARY OF GEAR BOX TEST 


TRT=D BY CULZER CITY GEAR 


Sress Pinion Geer - Bs 


Driving Geer - Lucriole 


(Aero) Grease 


Steel Pinicn Geer - Bres 
Driving Geer - RAL. Gre 


3278 uses. 


Operatins et a speed of 


a speed of 


ACCUIULATS 


POX MILEAGE 
a 24,478 Taken off to mexe room for Stevart Geer Boz. 
336 Cycled intermittently pa . | 
' 7,000 times © 60 - 80 iene os ‘ 
m.p.Ne $1) ORES Teeter, aye oe 


Increased speed to 

109 n.p.n. 

The oriving gear broke 
loose frou the driving 
shaft after 10 cycles. 


's ee te is Se STEIART CZAR BOXES 
: ae ' 8,243 Operating 
$2 ; ‘ 8,243 Operating Patt Po ee ae 


9 caanerte 008 ¢C2GUDEDDED GEESE ED LESS SESS OD —— 


y ‘DEPENDANT'S 1 


co eacyesoa) 


S | IN] 
Ss 
ro UN 
ssist t General Manager 
Janufacturing Division 


FROM; A. Nome 
DATC: Decamoer 2 ” wercn 16 


SUBJECT: Endurance Testing of Sensing Unit - Fart No. 17-342034 


Dear Sirs 


The folloving 15 a siwornary of endur ance tests 
being performed on the above unite : 


‘i i ee : Accusnulated 
Unit Mo. Gengition - .  Meene 


Unit functional ‘on Sensing . 16,939 
st Stand : 7 


7 a - 7,022 
ae ne : < Teg22 
"1,622 

20,31 


7,02 


All units were running 80 m.p.h, ab room tenper= 
atures. @ ; : 


Very truly yours, 


GENERAL FABRIC ATICN DIVISION 


ag | apt ‘> 


’ 

i 

Manufacturing & 
aria 


J, Fecko 
h e Adan 

4 
a, Plungis 
N, Sharp 


alte rose 


TE 


gsatrimsTovecert * CUNT ARE TA, 


SXHIBIT 236 


a by yooios « Anoictant Cenoral Manages 
Monutectusvang Divivdion 


Ay hee ; te 
Ped: MIT 2.9 1965 


ed 


Prdurance Testing of Sc . sh007' 
i Se es ened eT eae 


ae 2 fae Lollowing ho Q ow natty of endurance teats on 
. eins performed on the “above unite rs 


. 
- 
- . fur 


S Aceu: MUUATS pH 
_ AILS. “AGE: 


a? 3 
a 


UATE NO. CONDITION, 


"ee 
“ & 
me 


ve Unis LunctLonel on dann: * 64,279 
ae “s Tait Tcot Stand, «# Seo Nove -*+% 


s 


“fh. Soe ns han a a y 
“pagicd « Repleced with 79 ~n eB 19,555 


93 tae 
" Vait funot tions. on ‘Sensing ree gh.268 °. 
Unit Toot Stand 3 we 


Failed « Replaced with a a 32,589 | 
My ° ;, Paaned ° Replaced witn £8 “s £ " 25,82 
, Foiled | ~ Repaace q hap f10. et "39.86 
r © yatied ie 
" Fohled  Ropapeed wkth giz Be 


Unit Luric E4onal on Sensing Aa 
Unit Toot Stand : 


Unit functio: sal ‘ons 
Vais Tess Stand 


Unit fuxetional on Sensing: ~ 18,231 
Unit Soot Stand eg late te gig 


To cosed hag been reduced froa_CO n.p.r. to 


ov Mpehe ONG vaita Zl, 23, #9, 2,0, ond ¢2% have wea 
oporayss 1S ab this spoe'l fox tho, aed 2353 109 BitOs 


ey tm 


2 » ‘ 
. Sas ja ? 
“et fee, 
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After viewing ull available copies of the pre- 
ceding page, counsel for the Appellant believes that the 


vreceding page reads as follows: 


x "Mr. C. W. Broeker - Assistant General Manager 
Manufacturing Division 


A. Romel 


February 1, 1965 


Endurance Testing of Sensing Unit - Part No. 17-342034 
Dear Sir: 


The following is a summary of endurance tests 


being performed on the above unit. 


‘ ACCUMULATED 
UNIT NO. CONDITION MILEAGE 
1 Unit functional on Sensing 64,179 
Unit Test Stand - See Note 
#1 
j 2 Failed - Replaced with #9 19,556 
¢ 3 Unit functional on Sensing 54,264 
Unit Test Stand 
A 4 Failed - Replaced with #7 12,539 
5 Failed - Replaced with #8 25,826 
6 Failed - Replaced with #10 19,556 
7 Failed 25,523 
8 Failed - Replaced with #11 23,387 
9 Unit functional on Sensing 34,719 
Unit Test Stand 
10 Unit functional on Sensing 34,719 
Unit Test Stand 
: Unit functional on Sensing 18,231 


Unit Test Stand 
The speed has been reduced from 80 m.p.h. to 
60 m.p.h. and units #1, #3, #9, #10 and #11 have been 


overating at this speed for the past 13,906 miles. 


E-1103A 


7 a 


Cele 
Pe ” 
* : . 


oy 


ier F Yobruary 1, 21965 


rer e . q*? 


NOTE Jl1 Tato unit io attached to and driven directly by . 
a gear box without the use of a flexible cabloe 


AL units Weis ruaning at rooa temperatures. 


Foamination of the above failures indicated the 
units becane highly contaminated with forcicn rotter c2us- 
ing, the uni.to 9 short out. Tne thrust washer wire contact 
(2.7-2352527) and reverse can thoust washer (17-32522) wore 
out and sheared in 95% of the failies, Tie test speec of 
£0 mosh. ray have been excessive fox continuous runnins. 

We have therefore recéuccd thia speed to 60 npn, and wil 
“continue to test units at thio speed fur.compartson. Tv ag 
shovla be noted that various attempta to restrain tne. P 
‘Lovoign rattes hava pear fruitless, We wala continue 3a --_ - 
our efforts to colva thio probleme ee ae ema 
€ -. Yory truly your : 
- a 


“< QEAEAAL PARRICATICN DuWISTCd 


@-. . » fe 
= ee . ~~ 


fate 


A, Romel, Manage? 
-° Manvtaotering Eng sneerin 
- lee P is 


: J, Feeko™ 
ne? Re-Ac Kloby . 
crt aa" Oe Plunzio.-!.: 
H, Snarp . Fu 


ORS es sian e" 


og eres at tt 
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After viewing all available copies of the pre- 
ceding page, counsel for the Appellant believes that the 


preceding page reads as follows: 


-2- February 1, 1965 


"Mr. C. W. Broeker 


NOTE #1: This unit is attached to and driven directly by 
a gear box without the use of a flexible cable. 


All units were running at room temperatures. 


Examination of the above failures indicated the 


units became highly contaminated with foreign matter caus~ 


ing the units to short out. The thrust washer wire contact 


(17-342527) and reverse cam thrust washer (17-342522) were 


out and sheared in 95% of the failures. The test speed of 
80 m.p.h. may have been excessive for continuous running. 


We have therefore reduced this speed to 60 m.p.-h. and will 


continue to test units at this speed for comparison. It 


should be noted that various attempts to restrain the 


foreign matter have been fruitless. We will continue in 


our efforts to solve this prob] m. 
Very truly yours, 


GENERAL FABRICATION DIVISION 


A. Romel, Manager 
Manufacturing Engineering 
Perma 


AR:ms 


cc: Messrs. J. Fecko 
R. A. Kloby 
G. Plungis(?) 
H. Sharp 
J. Remias (?)" 
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La , @ t.- ‘ 
ASOLUMINY 


Manufaotue. 


7 ~21}203)} 
Pe Ah Sandan SA 


fo following {09 a oumcsary of ondurance teats - 
orzed on tho above wilite js ae ity 


— 


nes el Se  ACCUMULAT 
CONDITION t MILYAGE 


onal on test atand. < 99,302 * 
th #12-(See tote #1)e:... 


n test stand. e 69,407, 
co Note #r)o 


Vait functional on teat otand. 
Replaced with gu (Seo Note d1)e 


Failed. Reptngeg wih fT (See _ “49, 852 
Note #2... :- ; 


(Sco 33,77 


Failed, Senhaned with 16 
Note #3). 


hGded. (Sco Note J £4), ; nh ener 


‘ ¢ ii 
All atovo units wild operate at a speed of 60 


Vatts 12, 13 and 14 are conventional sensing § = 
unito taken fron latest otock, . 


NOs 72% Vatt £17 conta ina a teflon Washer inserted. into, 
‘a countecrbore on tho gear train cover insert. 


NOws 733 6 conteins a otecl Inoert pressed into 
hasert of tho ceay train cover with a teLloa 
Washes added ay indicated by Noto #2, 2 cs 


“ 


atatns QO steel insert proocod into 
tha ocarv train oov iC» 


jt om: 
Lf. 


abn” 


p 


ba) 


After viewing all available copies of the pre- 


ceding page, counsel for the Appellant believes that the pre- 


ceding page <eads as follows: 


"Mr. C. W. Broeker - Assistant General Manager 
Manufacturing Division 


A. Romel 


February 10, 1965 


Endurance Testing of sensing Unit - Part No. 17-342034 


Dear Sir: 
The following .s a summary of endurance tests 


being performed on the above unit. 


ACCUMULATED 
UNIT NO. CONDITION MILEAGE 

1 Unit functional on test st nd. 79,322 
Replaced with #12 (See Note #1). 

3 Unit functional on test stand. 69,407 
Replaced with #13 (f2e Note #1)- 

9 Unit functional on test stand. 49,852 
Replaced with #14 (See Note #1). 

10 Failed. Replaced with #17 (See 49,852 
Note #2). 

11 Failed. Replaced with #16 (See 33,374 
Note #3). 

zs Added. (See Note #4). Started 


All above units will operate at a speed of 60 
m.p.h. 


NOTE #1: Units 12, 13 and 14 are conventional sensing 
units taken from le 2st stock. 


NOTE #2: Unit #17 contains a teflon washer inserted into 
a counterbore on the qear train cover insert. 


NOTE #3: Unit #16 contains a stevl insert pressed into 
the insert of the gear train cover with a teflon 
washer added as indicated by Note #2. 


NOTE #.. Unit #15 contains a steel insert pressed into the 
insert of the gear train cover." 


E-1105A 


tx. C, We Prockor — Fobruary 10, 1965 


. 
°°? ° 


Units 3, 9, 10 and 11 showed an excessive onount 
ef greaso, Craphitae and other foreign ratter insido thao 
gear train cover, Unit #1 chowed only a olight arount or 
grease, crapnite and other foreign rattes but this unit was 
nos ¢rivon by Lloxiblo cable, Tno teat to be conducted at 
tho present tine will determino if the oltered units 715, 
16 and 17 will alloviate tho above mentioned problen. 


Very truly yours, 


GERAL PABRICATIGI DIVISION " 


. ° : ; 
* ma es - 
. ° 
be ° “-: 


Ps “eyes 
K. Hoel, » nager o ents 
‘ ey Manufeoturing nginecering, 5 
i" Fe Poraa Anti-Sic.a Product Line ..-. 


¢° « Ae a 


. 
Ok Reet ie at 


J 
* - 


ARin3 


cot Heasvae J. Fecko -:.” * 

’ Ri An Rew x 
0G, Plunsis : 
¥, Sharp ..°3 6. 
J, Rentses + 


“4 a 
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After viewing all available copies of the pre- 
ceding page, counsel for thes Appellant believes that the pre- 


ceding page reads as follows: 


Broeker February 10, 1965 


"Mr. C. W. 


Units 3, 9, 10 and 11 showed an excessive amount 


of grease, graphite and other foreign matter inside the 
gear train cover. ‘nit #1 showed only a slight amount of 
grease, graphite and other foreign matter but this unit was 
not driven by flexible cable. The test to be conducted at 
the present time will determine if the altered units #15, 
16 and 17 will alleviate the above mentioned problem. 
Very truly yours, 


GENERAL FABRICATION DIVISION 


hh. Romel, Manager 
Manufacturing Engineering, 
Perma Anti-Skid Product Line 


AR:ms 


Messrs. co, Fecko 

R. A. Kloby 
G. Plungis(?) 
H. Sharp 
J. Remias(?)" 


cc: 


E~1106A 
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DEFENDANT'S EXHIBIT 313 


tech EET WEA 
ld 

he | JUL 14 155 © 

Nz, Ite Kody ihe st ea ar | mre, td. lpr. 


Hanufacturing “arajer: : . . 39 
Antl-stid Control vivision ay 


ree ! ‘ : aa is Z. oe : ‘ = ; : 7 
ce ee Wy S17 
: . : : . res 


SACS SP 


mnti-sxso FLltors 

P (ona oat catertol used in tara Filters 3 Scce 
reas £65 proguced by tho Seott, Fans.. Cosscnyze The specific 
areca of thia crace 13 1,259 oGe rte par cubio fte3 C5 Fores 
por lineal inca and 67,5 aly by voluzse ° 


PAL AE pad 


THES 
ep AL GER 100 .* 
aT se. 


eC. 


peretysto tha ard cover 
© of vil suffices 9 cate cuad 
Air Clove 5ias 
und 23% Vs3 aixcd 
ged is tio solution 
Tro folicuing 


oO 
il 
7O 
= 


ad 


tuasting wes 


1. tatied A 16692 for 24 hourse . 
Segt otand with Aricons dust (approte 1AA__- 


tozspooa) = 5 colutsca fotled, 10,5 cas 237 OX. 
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To) 6 Mr. A. Romel - Maneger - Manufect uring Engineering 
Anti-Skid Control 


Frc“: PP, Urban... 


OATE: December i. 1965 . . PcrEen TO: 


SUBJECT: Effect of Low Tomrerature on the Pressure Differential 
, ACTOSS a .020 .032”" Diancter Metering Valve 


A complete report en the above subject is attached. As 


indicated in th report, a decrease in temperature will 
increase the pressure differential across the valve, If - 
the tenperature of the hydraulic fluid 1s below O°r., the 
unit would fail to cycle on snow covered roids, To assure 
that the unit we li eyele in temperatures down to -hoop,, 


We would have *y increase the oriftce diamcter to 033". 
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Ensine ‘ering Study of the Er fect of Tomocrature 
On the Differential Pressure Across = .030/,032” Diancter 


Orifice Hetering Valve 


Beekxround Information 
A metering valve with 2n orifice diancter of 031" vas. 
required in the hydraulic br2ke line of autonobiles with 
a single piston master cylinder. The metering valve was 
placed between the vacuua container end the brake block, 
so that there vould be unrestricted fluid flow ven the 
brake pedal was ere depressed 2nd a restricted ‘ow when 
the brake pedal was being released. 

The desired effect was to delay the re)ease of hydrau? te 
brake pressure during the wheel release potion of the. - 
hy@raulic cycling crected by the anti-skid system. Many 
different size orifices were ‘tested on both wet and dry 


surfaces, ‘The test results showed a general improvement 


in stopping distance on «ll road conditions a3 the orifice 


diameter was decreased, The minimum orifice diameter was 
found to be .028" for a smooth wet concrete ro2d; smaller 
orifices were found to prevent the wheels from unlocking 
én this surfece. A "safety factor" of .003" in orifice 
were manufactured to a ,030/,032" diameter and tested on 
both wet and dry surfaces. The results from these tests 


Were satisfactory, - . ; we Z 


Effect of a Metering Velve on the Nydrauliec Cycling 
(O Caused by the Anti-Skid System i 


A metering valve installed in the brake line, as noted above, 


Will tend to restrict fluid flow as the hydraulic piston in 


the vacuum container moves to release hydraulic pressure in 


the b-ike line, Tne flow rate of brake fluid during the 
pressuce release portion of the cycle is dependent on oiston 
movement and can be considered a constant for any individual ~ 
, *ycle regardless of orifice size, fluid temperature, fluid 
8 ; pressure, and fluid density, as long as the hydraulic pressure 
:. in the piston cylinder does not become negative, Negative 


pressure is not possible «whenever the hydreulic pressure drop3 


; Q : below a predetermined setting (90 p.s.4.). . 
Peg Considering the flow rate (QJ a constant ja the following To ee 
i. formula (for fluid flow throuch an orifice ina pipe) oe * 


baycje Cure abe" om Q= cro /2 ae fa tae 


for any Giv~n temperature, the discharge coefficient (c) and 
the fluid denstty (2) will be constant. Therefore, the 
pressure differential (4P) will vary inversely with the 


‘a square of the orifice area (Ao), That 1s, as the orifice is 
, reduced in diameter, the pressure differential will be in- 
creased, i : 5 we ° 


There 13 a maximum pressure differential allowable for each 


Bo Bree ner ene eee 


—-o- me . 
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type of roid and surface condition, Should the pressure 


differential become lerger than the maximum allowable, 

wheel release after initial lock-up would be impossible. 

To explain this concept of a maximum pressure differential, 
we shall use the following iilustrations A venicle equipped 
with en enti-skid srsten and a metering valve is driven at 
30 m.p.h. on 2 wet concrete road, The driver then brakes 
the vehicle hard causing all wheels to lock. The Sensing 
Unit will react to the lecked wheel condition by applying 
vecuum to the piston dianhregm. This, in turn, will cause 
the piston to move, thereby releasing hydraulic pressure. 

As the piston moves, the hydraulic pressure in the brake 
line wilt decrease as fluid starts to flow from the brakes 
through the motering valve and into the hydraulic cylinder, 
The pressure on the cylinéer side of t’ valve will decrease 
ata faster rate than the pressure on the brake side 
because, the valve orifice will tend to restrict flow causing 
@ pressure drop across the valve. Should the pressure on 
the cylinder side of the valve drop below the Tressure Switch 
setting (90 p.S.1.) before the pressure on the brake shoes 
was low enough to relcase the wheels; the Pressure Switch 
would open and full breking pressure would be applied to the 


braxe shoes, When the Pressure Switch opens, the electro- 


magnet is released, closing the rotary valve, To open the 


rotary 2lve (release hydraulic pressure) the micro-switch Ps 


circuit must be triggered, Wheel rofation, hydraulid presaure 
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in excess of the pressure switch setting (90 p.s.4.), and 


switch circuit. Because the wheels remained in 3a Jocked 


t 
wheel lock-up are required in sequence to trigger the micro- 
' 


condition, the micro-switch circuit would not be triggered 


and the vehicle would skid to a stop. 


| As long as the maximum allowable pressure differential for 


oS eee 


4 i each road and surface cor dition {is not exceeded, the only 
noticeable effect that the metering valve will have on 


Fal H cycl.ng, 1s to limit the release of hydraulic pressure. 
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Effect of Temperature on the Pressure Difiterential 


Across a Metering Valve 
ae LD A —_— 


As the tempercture is decreased, the discharge coefficient (c) 
Will decrease and the fluid Gensity (€) will inere2se. The 
“net result being an increase in the pressue differential 
across tke netering valve fora given flow rate, The pressure 
differential across a -030/,032" metering velve will surpass 


the critical value-on Snow covered roads at approxtiately 


zero degrees fahrenheit (O°P.), (See Figure 6), This would 


cause a locked wheel skid. ; 

Therefore, the use of a metering valve with an orifice of 
.030/,032" vould te extremely dangerous and. not recommended. 
There 1s a possioility that a larger orifice would work 
satisfactorily even at lower temperatures, Calculations 


show that an 033" diameter orifice would work down to -hooPp, 
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Discussion of Method used to Determine’ 
Differential Pressures 7+ Various Temceratures 
Seen et CSSUPCE SOs icnceratures 


differential pressure (AP) across a metering valve is 
‘unction of the following: (1) flow rate, Q; (2) cocfri- 
_aent of discharge, ©; (3) fluid density, @; and orifice 


zrea, Ao, . en es . ‘ 


The above are related in the following formula 


Qs Cho 12 AP * 
; J @ 


The flow rate (Q) is dependent upon the manifold vacuun 


moving the hyd ‘vlle piston against the force of the vacuun 
container spring, The fluid density (@) is a function of 


temperature and the diccharge coefficient (C) 1s a function 


of the ratio of the orifice to pipe area and temperature, 

We shall assume that during any cycle, the piston movement 
(during the pressure release phase) 1s at -a constant velocity. 
Therefore, the fluid flow will also be a constant. With the 
fluid flow (Q) and the orifice area (Ao) being constants in 
the above equation, the value of pressure differential (4?) 
will be a function of discharge coefficient (C) and density 
(@), which are functions of temperature and area. Therefore, 
the pressure differential will be a function of tempera’ ure 
and orifice area, P Rigie to 

The discharge coeffictent (C) will decrease as the tempcrature 


decreases and the area (Ao) remains constant, The fluid” 
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(09. density (@) will increase as the fluid temperature decreases, 


It is easily seen in the above equation that in order to 


maintain a constant fluid flow as the fluid tenperature 
dccreases, the pressure differential (AP) must Increase. As 
previously mentioned, the amount of pressure differential is - 
eritical; too much and the wheels will not release after 
lock-up, too little and vehicle stopping distance will in- 
crease, We can determine the maximum rate of fluid flow for 
an .,030/,032” orifice diameter by measuring the differential 
‘pressure drop and temperature ina test vehicle, setting 
these parameters on the testing apparatus shown in Pigure l, 
4¢ and measuring fluid flow. The fluid density can be calculated 
Q and then the’ coefficient of discharge can be a@ctermincd., The 
“a discharge coefficient for any other temperature can be found 
in a similar menner. Figure 2 is a plot of discharge coeffi- - 
client versus temperature for an ,030/,032” orifice diameter. 
How that ‘we know the coefficient of discharge for the orifice, 


‘we: can compute the maximum proesure differential possible for 


1 

| 

i 

any temperature. Pigure 3 “4s a plot of the differential 

pressure ‘Versus temperature with maximum pressure differentials 

for dry and snow covered roads, These critical pressure 

lr ‘differentials were ealeulated by know ing that at 120°F, fluid 

“y t erature, an .025" diameter orifice would not release 

wheels on dry surfaces, and an ,028" diameter orifice would 
sonatines release the wheels, and would not at other times, 


©€) on a amcooth wet concrete surface, 


os 
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covered road, the critical , 


Assuming that the wet concrete surface Ipproximites a snow 


ures for both dry and snow 


“eovered roads were calculated. Where these critical pres- 


sure differentials cross the plot of the pressure diffe- 


rential for an .030/,032" orifice diameter, mirk the 


temzeratures at which wheel release would become impossible 


for the road conditions noted, 


I* should be noted, that in order to determine discharge 


coefficients at low temperatures (-40°F.), SAE 50 ofl was 


used-in.the test apparatus and readings were taken at an 


equivalent viscosity level of brake fluid at -ho°p, 


- 
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Theory and Practica of Lubrication for Enginoors 


Tie Amenenu Socicty for Testing Materials has developed an em 
Piriest macthod for expressing the variation of viscosity of petroleum 
Prosucts witlr temperature. ‘These relationships have been ect up ia 
the form of charts. Tiese charts are very convenient, provide sulle 
cicut cecuracy for all practical purposes, and ora now widely rccogs 
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nied and accenkkd. Thoy aro based upon an assumed equation that 
sorcca very well with the rcsults of teats on viscosity, This equation 
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Fig. 27. Viscosity-temperature relationshia for sa BAE 10 cil, plolled ea Car 
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¢ » 
Gives @ atraight-lino graph, when @ function of Viscosity is plotiec AS 
against @ function of temperature. Theo cquation is: = 


logie logse (+ + 0.8) = n logie T+ C (24 


whero v is tho kinematic viscosity in centistokes, T is the ausolute 
leinpernture in degrecs Rankin, and and C are constants for an) 
civen oil. 

Tho resulting graph ie a straight line. If the viscosities of ony ¢i 
aro known at two tcinperaturcs, its viscosity at any third temsperatun 
can bo found dircelly from sucis a graph. Figure 26 shows such 4 
graph. Notico that tho etraight lino representing SAE 10 is consiver 
ably dificrent from tho same data plotted on Cartesian eocrdiasta 
in Fig. 27. Tho stenight lincea on theese special courdinates, asin Fiz 
20, should not be allowed to tlieguise the fuct that there is a ren 
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14 Theory and Practice oj Lubrication for Enginoors 
Viscosity Scalo 

To tssist in making the concept of viscosity more real and physical 
it is suzzesicd that a viscosity scale be sect up with the rango cxtend- 
inz froin water at the low viscosity end of the scale to, say, castor oil 
st i.e upper. This caa casily Le done with a ceries of G- or S-ounca 
siopocred bottics and come cummed labels. In tho first bottlo placs 
some water, The viscosity of water at 70°F is almost exactly 1.0 
centizoise. Next o ‘ ottic of turpentine with o viccocity of about 15 


ccatigoizes. Neat SAE 10 motor oil with o viscosity of approxunately 
70 ceutipoi~s. Olive oil is neat with a viscosity of aLout 100 ccati- 
poiscs 24 room lemperature. Next o medium motor oil SAL 30 with 


3 Vis wy of about 300 centipoises. Clycerivve represents o liquid 


Wiis a Viscority of about 560 centipzoiscs. Next a heavy motor oil- 


SAE 56 with a viscosity of about $00 centipoiscs. Moucy could bo the 
text csmzle with about 1500 ecntipoises. And lastly, cactor oil with 
3 Viscowty of somo 2060 or more centipoises. A list of typical duld 
viscosilics is showa ia Tablo 1. . ; 


Toble 1. Typical Fluid Viscositios ot /0°F 


Fluid Cectipoian~a Reyna BMicroreyns 
Mune; (spprox.) 14d 2175 x 1077 217.6 * 
SAE (icavy) so 11 x 1077 ilo 
Ciyceriae 4A 725 X 107" 72.5 
* SAE 2 (medium) 30 435 & 10°? 43.5 
* Ove ol 10 145 X 107? 1.5 
SAT iC (iz) 70 101 x 107? 10.1 
SAz S$ (Night) 32 46.5 « 107? 4.63 ° 
Eihyieea giyeal 20 2) x io"? 2.9 
t Mucury 1.5 2.17 x 107? 0.217 
“Turpcsline 1.45 2.1 « 107" 0.21 
Wats i1.@) 1.45 107? 0.145 
Octac6e ss 0.54 0.75 xX 107" 0.073 
Aw 0.018 0.020 x 107” 0.20 ‘ 


Tt is ict’ oting to observe that the SAE 50 representa a typical oil 
Ser & rei; ing aircraft engine or perhaps for « heavy-duly truck 
scise. “sus cetual viseosily at operating tcwpcrature, however, is 
very cosch less Uisa the sample of SAL 50 would indicato at room 
tim peraleze When engine bearing temperatures reach 250 to 200°F, 
tis cus viscosity woud bo cut down from $00 centipoises to about 7 
castizcies, Which is Bot very much moze Viscous than water at room 
uspuralure, It is rather startling to contempiate that Ja an cozgine 


Fundamontals of ¥ cosity and Flow ‘ 


bearing such @ low-viacosily oil filin docs enery tremendous pres._'s 
Design pressures of 2000-3000 psi are not uncommon. These cai 
pressurce are based on the avernge projected arca of the bear 
whereas the actual unit pressures in tie oi) fila are much higher th 


this—they may reach 10/90-12,00 psi or higher, 


Flow of Viscous Liquid through a Slot 


Now let us derive a very fundainental equation in Jubricatica, tt 
for tho flow of a viscous liquid through o wide, rectangular slot TI” 
cour ‘ion will then be applicd to Ue design of the load-supporticg 63 ; 


7. 


-- 


Fig. 4. Diagram showing how swall clement of oi! Giro ils exuwded by peew 
dillerence acting Upoa it 


tein of tho Tale telescopo ot Mount Palomar, the world’s largest tc 
scope. 

Consider a slot of width b, aud length in the direction of Lor 
The thickness of tho slot is hk. ‘Tho width b is assumed to be ¥ 
largo as compared tu the film thickness A eo that the losses ot 
curls of tho slot can be negiceterd. Tho length b of the siot is ¢ 
Inrye 60 that entranco and cait lorecs can aiso be ignored. A press 
uifference belweca the points A and f causes fow, Fiz. 4 Wit 


hoing at @ highor pressure than B, flow will Le in tho directica ix 
cated. / ’ 
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mu is_the time sequived to fill’ a 520 ml flask 
T is dhe Had tempurture im the 500 ml flask 
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Hr. Be. C. Person, a ; . ss 

The Singer Company, ; ; : ; » s02 

30 Rockefcller Plaza, ~ is ek ee MAR 16 ic36 

New York 20, tew York. ceed peed s 
BURTEN PERS 

Ford itotor Convany Triv Report bux 


2@..* 


Dear Sirs 


The following arc the highlights of the Narch 7th trip 
to Ford; . et “ss . ie a . 


* . 


Ie Tests conducteds a a oa Saar WAR 22 19¢6 


. 


le All wheels on painted soap strips Noted.__.__. __.__—_— 


a) Standaré vehicle 1966 Ford Galaxie 500 . 
b) Four wheels pumping . 
“| ¢))s« Rear wheels pumping 
Unit would not release wheels. Cause deternined to be 
restricter valve. rai a . ue 


2. Two wheels on dry asphalt and two 6n painted 
soap strips Pe ly 


Conditions a, » and ¢ as listed above. There was no appreciable 
{nprovement in stability when using the Perma device. The wheels 
on the soap stcips did not release as “uickly as the ones on the 
dry pavement, Cause was again dcternmined to be the restricter 
valve. ‘ 


. 


3. Dry asphalt tests - oo Fea 


Conditions a, b and ¢ as listed above. A rouyh check on stopping 
@istance for all three conditions at 40 N.P.. revealed that they 
were cqual. ‘The runs taken with rear wheels pumping resulted in 
a less violent deceleration. The stability in all three cases 
was essentially the same, ; 


‘DRe 
ome: 
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Nr. B. C. Person, 
She Singer Company. 


4. wet tests 


Duc to a malfunction of the 
re-run to o 
She unit did function on all runs hut 
sane three conditions were set upe 


‘ 


will have to te 
in stability. The 


fi General Corracnts 


ALL of the elove tests were conducted 


a a nelle <a  e  lin 


March 15, 1966 


recording instrunent, this test 
btain stopping distance data. 


showed no advantage 


s 2 Pa . 
- 


with the — 


vehicle transmission in neutral and the driver's hands 


off the wheel during braking. 


Although these conditions 


would not be prevalent in an actual panic stop, they ninimize 


variables during testing and lead 


to more accurate conparisonse 


Zhe tests were well organized and professionally conducted. 


I reyuested that sever 


without the restricter valve. 
- suggested that they try some valves 
“hese tests 


@ifferentials as well. 


week or two depending on weather conditionse 


. 


‘ay x : 


Yours very truly, 


Supervisory Enginecr, 
Central Engineering Staff, 
Consuner Products Divisione 


AR/b 


Ms 


De» pS 
Cs Riek vies 


al runs under each condition be tricd 


Sanpson agrecd to this and 
with smaller pressure 
will be completed in a 


ire 


we 

bas * 7s > 
° , 
© 


. 
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"’ Decenbor 76,° 


Mz. Robert Patton :° 
Tho Sinter Coxpany*: 
» 321 First Street 
Elisabeth, 


+e, Dear Dobs.. 
-: a A “ ; 
Several weeks ago LT discussed w you 


hundred units that arc-in led on consuxors 


a 
<9 a: carce For tha rest part thesa caro ara in 
r ; 


Caglar 


sent ‘could be maco in our plant. * 


. 7 4 ° . 


{I vould like to go on record that I consider 
ey P 


n chovld be developed 3: 
accident cecurce " ; 


Vory truly yours, -:,* 


PEt RESCARG! AND CEVELCPL 


Sana Karp, ss yeti Ses 
Vica Prasidcat, Marketing ..o3,-¢°° 


After viewing all available copies of the pre- 
ceding page, counsel for the Appellant believes that the 


preceding page reads as follows: 


"December 28, 1964 


Mr. Robert Patten 

The Singer Company 
321 First Street 
Elizabeth, New Jersey 
Dear Bob: 

Several weeks ago I discussed with you the urgent 
need to replace the few hundred units that are installed on 
‘onsumers, stockholders and dealers cars. For the most part 
these cars are in New Ergland and replacement could be made 
in our plant. 

[ would like to go on record that I consider it an 
emergency that these units be replaced with new production 
models and that a plan should be developed immediately tc 
make the change before a serious accident occurs. 

Very truly yours, 


PERMA RESEARCH AND DEVELOPMENT COMPANY 


Sam Karp, 
Vice President, Marketing 


SK: jb 
Robert Kloby"” 


Sn 
Letter to Stoeckholcer 


Financia] Statement-De 


Brochure on. liyera 
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MSC BADCSIICY MATH ATMINO9, wVetUSeTINS on 
ARCA G1) TEL 659-4608 + AREA 401 TER. 225-6300 February 2, 1965 


Dear Stockholder: 


The purposes of this letter are (1) to advise you of the successful 
execution on Deceaber 21, 1964 of the agreesent with The Singer Coapany which 
WAS unanimously approved by Perna's stockholders on Dece-ber 10, 1964, (2) to 
Gescribe again for you the nature and acvantages of the Singer arrancerent and 
to confirn your aynacgenent's intentions with respect to the disposition of cash 
royalties to be received fron Singer, (3) to bring to your attention the signi- 
ficant growth and carnings potential still available to your Company over and 
above the Singer arrangezent froa foreign markets, other products, etc., (4) 
to inforn you as to your managenent's present thinking as to the future course 
of action which would best benefit ti-> Company and its stockholders, and (S$) to 
advise you of the proposals recently acopted or recoacended by your Poard of 
Directors to widen and enhance the pubdlic rarket for the Company's comnon 
stocx, including a three for two stock split to be recornended for distribu- 
tion in Ar’ "1, 1965, 


The following details are lengthy but require your careful attention, 
since ruch of this information will be the basis for concrete proposals which 
“ill be covercd in a subsequent letter, notice, and proxy staterxent to be nailed 
to you in advance of the stockholders teeting scheduled for late March, 1965. 


a : THE SINGER AGREEME 
etre et cee 

Under the final agreerent signed on Decenber 21, 1964 (which conforned 
substantially in all respects with the arrangenent presented to and approved 
by Perna's stockholders on Decenaber 10, 1964), Perma is no# placed in a nich 
more favorable financial condition as to both its present assets an’ liabili- 
ties and its future profit position. . 

Perma has assigned and sold tc Singer its United States and Canadian 
rights to the anti-skid unit in exchange for royalty payrents based prixarily 
on Singer's selling price to its rarketing outlets sunnarized as follows: 

(a) Perma received a net cash payrent of $24,000 fron Singer as at 

Decesber 24, 1964, representing a total advance royalty paynent 

of $64,000 for the Canadian rights, less a dcduction of $<0,000 

applicable to fulfill Canadian distributor obligations for ad- 

vance pay=ent of product previously received in cash by Perma. 

The $64,000 represents advance 1oyaltics to be applied against 

the first 16,000 units sold by Singer. 


Perma received a further cash Payrent of $209,697 from Singer as 
at Decenber 24, 1964 as advance royalties (in the forn of a loan) 
all of which will be applicd against the next 20,970 units sold 

by Singer, at the rate of $10.00 per unit. The $209,697 in cash 


recetved fron Singer was applied in full to payxent of Mabilities 
of Pera, : ; 


, 


even. Ey 7 


Oe ere ees omy 


ew ewes Sm oe 04 
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(2) 


(c) After Singer has sold the first 26,970 units described in (a) and 
(b) above, Perna will receive additional cash royalties quarterly 
{from Singer on the basis of (1) 10% of Singer's selling price io 
{ts ovilets (pres atly about $5.00 royalty per unit) on units sold 

v 


by Singer curing the first five and (2) 8%, similarly corputed, 
on units sold during the next fi ear period, (The foresoing 
+ 


rates apply only to sales to the “after” market. Singer will pay 
Perma on a 5% basis on 411 sal 

25% of royalties Singer obtains on any re-license by Singer to new 
car manufacturers.) 


es to new car manufacturers and/or 


The royalty rates stated above are exceptionally high for the avto- 
potive ficld and give Perma a huge fotential of cash flow. We are inforned 


that Singer (1) has alreacy ranufactured over 30,000 anti-sxid units of the 
first 50,000 schcduled as the initial prodsction run, (2) has rs already 
on its books well in excess of the initial 50,000 unit produc run, (3) has 
made a substantial investxent in the anti-skid enit spproaching two rillion 


dollars in connection with the obligation it assuxed to taxe over the co-plete 


$$ 

manufacturing, quality control and marketing of the unit for the United Siates 
and Canada, (4) bas given the responsibility for the conplcte Perma progras to 
Mr. Robert Kloby, one of Singer's capodle executives (who has 

intends to sce that the Perma anti-sxid unit reaches its full s 
that since the product is to be rarketed uncer the nane "Perra 
Singer," all steps are being taken to insure the hichest quality to saxe it 
worthy of tre Singer nane), (5) has planned a full scale enthusiastic prograa 
to make the Pera unit a significant part of Singer's {ature business, and (6) 
has already coxwzeaced its nexspaper and other promotions of the unit. 


The foregoing factors give us confidence that s bstantial cash roysl- 

ses will be generated in the near future froa the Singer arrangesent. In this 
connection, this will also serve to confirn to you that as the Company receives 
cash royalties froa Singer, which will co-rence aster the first 326,000 units 
have been sold by ther, managerent will segregate such receipts and will not 
use such funds for any other purpose except for expenses in cennection with 
stockholder meetings, the Singer contract, ete., until such tire as yuncil 
furnishes advice, and until your vote as to the most desirable rethod of 
disposition of such cash in the best interests of the stockholders, Substan- 
tially all of cur other current operating costs are being covercd by the $9,300 
being paid nonthly to Perra by Singer under our separate Technical Services 
Contract with thea, which runs for a ninirun of six ronths. 


To neect our responsibility to you to explore the question of the 
future course of action «hich would best benefit the stockholcers, your ranager 
nent has reviewed its position with respect to Perna's assets other than the 
Singer agreement and, in the following paragraphs, there is set forth a surcary 
of facts concerning other items which have significant growth and earnings 
potential te your Conpany. ee 


_ FOR ANTI-SKID UNIT * 


Perna has retained all other foreign rights to the Perma Anti-Skid. 
Initial market research has shown that there are numerous other countrics in 
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which an agreencnt similar to the Singer agreerent could be reached. The 


forcign potential, although overlooked to sone extent by Perna because of 
United States activities, is acteally larcer than the United States rarket vhen 
combined. Over ten and a half nillion cars were procuced last year coxpered 


with approxixnately ci¢ght million in the United States. (400,000 of the 105 
nillion forcign cars were sold in the United states.) 


There is an 8 automotive saturation in the United States as cc red 


to only 22% saturation vrope and ot? 


ver Applicadle foreign covntries. There 

wds an increase of 10% i utomobile prodection in the United States in 1966 

over the previous year 6 =pDared with a 22% increase in other countri 
In sussary, cur foret jn potential may well realize a cash 

Perma in excess of the nilliors we anticipate my be generated fron 

Singer : 1Gement covering the United States and Canada. 


OTHER PROC LCT 


Perra's other produ 
sts which are potential p: 


thea active 
Wydraulic Pi 


The hydravlic pressure sitch d +) 


esigned 
the vast hydraulic reunatics field for the control 
cations fin : in¢dustry in general, 

nissile controls, pneumatic door openers, corcercial 


These switches have been included in covernnent specifications 
are in use on jet test equiprent for the Armed Services. 


* 


Sun Electric and smaller companies have been reorcering these s 


e 
for over two years with good results. Perna has not pronoted the sales ¢ 
sxitecd because of the Anti-Skid activity, but the hydraulic switch field 


large ard could be rsued at a relatively low cost to Perna. 


The advantages Peres has in this field are: 

1. Unique design which allows-riniaturization for linited 
space applications. Perna has patent protection on 
this design. 

te : : 
Low selling price due to low procuction cost as 3 result 
of design, Our telling price is 4 of the selling price 
of the closest competitive switch with the sane basic 
chara ristics. 


3. Explosion resistant housing which is desirable In appli- 
cations where gas funes are a problea, 


Mion profit potential per unlt to Porma, 


forwe re 
{tow feces 
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EVELOPMENT COMPANY, WORTH ATTLECORO, MaSS*CHUSE 


a 


This product is another sleeper Perma has not yet pursued cre to 
Anti-Skid activity; althouch initial exposure some years ago resulted in the 
y» I y o 
beginning of a mail orcer business. 


This -preduct automatically restarts the autonobile engine in the 
event of sialling and eclininates stalling and startine frustrations cue to roll 
back on hills, prevents the loss of power steering which is 5 


ing downgrades and restores power brakes which are lost cre 


urticularly 


hazardous on wi 
to engine failure. This whole pockage is sinply installed on p 
autonobile, Ancrican or foreign, in approxinately 15 mutes and can be sold 
at retail for under $10.00, uhich provides a healtly profit nargin. 


‘ MANAGEMENT'S PRESENT THINKING AS TO 
° . PERMA'S FUTLRE COURSE CF ACTION 


Sone stockholde have been under the inpression that their future 


success and that of the Corpany rested subst ntially only in the Singer arse 
pany y g 


7 
rent and that, on such basis, perhaps Perma should (1) stop all activities nos 
© 


ether than to properly execute our six! mnths Technical »rvices Contract wit? 

Singer, (2) clininate all expen: : 

Services Contract, and (3) upon 

raningful to the best tax consequences, distribute the 
) 


expiration cate of -t 


Contract or at a tine nr 
cash procecds of the Singer contract to Perna's stockholders, or otherrise 
reduce Perma strictly to a royalty incone entity for its stoc 


In view of the huce potential available to Perra in 


Singer contract, your management feels the above ¢ rse of sactic 
the best interest of Perra'ts stockholders. The future course of action which 
4 


would best benefit the Company and its stockholders (and which will be pro vosed 
I y t 


follows: 


“ 
e 


at the upcoming stockholders neeting) i 


(a) As previously affirncd herein, all royalties to be receive: by Persa 
in the future on the Singer contract shall be segregated by Perna 
and will not be used for any other purposo except for expenses in 
connection with stockholder meetings, the Singer contract, «% 
until such tine as council furnishes advice and until stocxholcers 
vote as to the most desirable method of disposition of such cash 
in the best interests of the stockholders, 


; ; ; 
(bd) Provide required technical and related services to Singer at $9,600 


>? per month, ‘tg facilitate procuct and narketing, 
(c) Aggressively pursue and lay *’ ground work to capitalize on our 
‘ forcicn market opportunities or the anvi-skid umt and, if cerited, 
actively pursue the potential of the bydravlic switch, autonstic 
* starter and other products; however, to finance such action only 
/¢ fron funds raised through the sale by Perma of authorized but ene" 
Ree issucd common stock or fron such other sources or in such a manner 


as to not feopardize the Singer royalties or the financial stability 
of whe the Company, 


ee s 
~ 
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ut also 


1d realize 


United and 
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realized fron 

urther growth possibi- 


not 
States 


only 
inger-Pe 
and 


advance 


» in 
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t) pany's stock 
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be traded, 
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rpreciation of 


a ockholders 


ay realize the « 
market place in 


portuni- 


i 
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long active 


urity 


STOCK SPLITS 
_TME PLRLIC 3 


Certai 


sdaie: 


may raise 


Your 
n of 
Proposed that 
approve 
825 
additix 

ona ¢, 

1965, on 


an 


1, 


ine a stock frox 


that an 


stock} 


to 


) 


tuen in April, 


Authori 
the "Blue 
cther 


tion 
of } 
Gesirable 
in which broker 
stock, 


to 
laws ‘ew York, 


States, where and 


gcocraphical areas 


Company's cornon 
Authorized the President to bring up 
stockholders 


Conpany'* 


for j ton 
further 


sppropriate, 


at the 
split 


irg 


Upco 


of the 


meeting a reco>-erdation ¢ 


stock on a 500 to 1 basis, if 


ee 
H TOIT A Neawiinn 
Se we SLUR! Sta 1 


ww wAVIAL OX Fetarnun 


yt 


After the approval 
shares and the 4 
the proposed 3 for 2 split, the 
of unissued ck. 5 be ge nanacsenent'ts 
of unissued cK for less than $5,000 pe 
equivalent of $7,500 for each Present outs 


istribution of 


: The enclosed unaudited b 
31, 1964, gives effe 


Cescribed 3 tail 


To ’ 
ange of @i« 


connon stock, : r Me last neeting 


Very truly yours, 


ae | 
7 , vr nen 


Current as 
Cash 
Accounts 


$136,651 
35,239 


$336,847 


¥ 


220, 69°F 
0, ; 


‘otes jf 

Accor ts 
Payroll 
Accrued 
Advance y 


Total current lie 


Ce 


par value, iss. 2nd 
shares $ ~ 7a7 
644,281 


$645,068 


DEVELOP 


‘ONT COMPAN) 


NOTES TO FINANCIAL STATEMENTS -  Cecer 31, 1964 
(Prepered from booxs and rece 


2s without audit) 


Xote 1 - Inventorie: 


Inventories have been value > the lower of cost or mark« 
Physical inventories were taxen a >cent i and cons 
of the following merchnendise: 


Finished 
Work in process 
Raw material 


Promotional supplies 


Note 2 - Proocrty, 


On Decexber 
consisted of 


> 


Machinery and eguipment 
Furniture and fixtures 


Automobiles 


inmr ff’ Vw Wu 


‘ 


- Deferred cost of 


and patents oened by the cor iny which were 
Singer Company in return for the royalty agreemen 


This amount represents } - e€epres 


This amount will be amortized over the period of the 


Note 4 - Unrecovered rronmotional and @evelop-ec 


During the period from the inception of the co pany in 1959 
through June 30, 1963, the cc pany had not been able 


h to start normal 
selling and marketing operations on a continuous basi 


to problems r 


5 cue, prixzarily, 
elating to production tooling and acquisition of 
. Products; therefore, management believed that a portion of th 
expenditures, which are in the nature of Starting-up costs, shovld 
be deferred and charged to future operations once the products were 
ready to be marketed, These expenses ace being amortized over a 
sixty-month period, 


its 


ese 
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Note 5 - Notes payable 


Notes payable consisted of the following: 


Duc within 
one year 


Secured: 
Firs on real estate 


Chattel notes on automobiles 


t mortgase 


$15,000 
1,797 


4A 


Unsecured: 
The Singer Company, 
Decerber 20, 1969 


due 


— 


216 PR dey 


Total due within one year 


Total long-term cebt 


$59, 


Land 714 is sub 


mortgage 
vehicles 
to $4,272, 

On Decerbder 
Cc 


¢ 


The Singer f it's 
in the 
Canadian 
manufact 
The 
of a distribut 
liabilitics 

a note 
for the 
years, 
the royal 
the full 


. t 
pt 


and areas, certain tool 


ing 
ztion 
000, 
d 


ur consider for 


¢ Singer ¢& 4 


rip 
It als 


and 
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bs 
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c 
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,000, paid eebts 


wer 20, 1969. 
of royalties by 


The 
The 


Decer 
nt 
royalties are payable on the first 15, 
ryable on 20,970 
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due egreenent 
Sir 


1ger Company 
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ayment 
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rompany totalling sce, 697.13 for 
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000 units 
will be applied toward 
payable of $209,697.13. 


1964 
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Due after 
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Providcs answers 19 problems 
where size and weizht are major 
factors in power plants, rockets, 
missiles and Industrial application, 


QO AD! ABLE RANGE 


Capabdte of withstanding pressure far in excess of 
its operating range, it cen be set in seconcs to 
? 3 t 


operate at eny reGuired range from OXLO PSA. 
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a PA) The START-O-MATIC Is a “hide tet* th 
F Mi miotor whenever it stats... without th 
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TOUS AROGE: SE ARF GENTE ERS : 

protection against Ics ef ¢: 

stalled engine. Even if the engre statis Secauce c 

out of gas, the STAAT-O-MATIC will turn the eng 

operate power steering end power Brakes. Remermter t wth 

be to try to steer of stop a car eq peed with power steers a 
brakes when the engine stalled? This cant happen with the STAAT-O- 


Power Crakes 


MATIC on your car, 
It puts an end to the sgeray 
lo re-start an engine t 
No more ermdarassing situzt ors © 3 
car rolling into and burre * the cor aherd cr behind 
Perma's handy STARTO MATIC kif! can casity bes 
i events rollback when of minutes. 
starting stalled engine on hill 
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DATCs Febr uary 16, 1965 has - A ACTER 101 RAK: UL ei ° 
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gunsects Perrea Anti-Skid Prograia ie Or Cer x = ° °° 
: "> “Tae e- 3 “et anes. Bet eek 
-! - “ere > lar fee e% s % : z o 3 
ie ‘ d re ; ‘ 
On January 7, 1965, Mr. P. Phelps wrote ‘to Hr. $.J. Nu y concern{nge 
certain polnts of erphasis chich had been discussed fron tine to tire 
Ouring the negotLations vith Pema and Noaltor. , : SET Teer ae 
: It vould appear that ttexs 1 through 4 {n the aforecentloned letter, 
copy attached, can best be anseercd by you. I shall, therefore, anseer 
* Ltens 5 through 13 based on events to date. ” ’ : 
- e % . - e er PAs 3 ie . 4 x ¢ i 
i ° . a. ® , s,* : ; eae ‘ 
bs. ? $. Close lialson {s being aalntalned with Monttor In the ; eve 
‘ following manners rts : Ct ea 
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eth tL eee? : B Dally telephone contact. Ze aig Mer ' . 
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: aye eine be. . Four ffcld trips to date with Non{tor personnel. 

: ‘ 3 °. s : 
Sega Ce Regular biecekly ceetings efth Monitor at Elfzabeth ‘ 
ce Oe te to discuss progress and problers of mutual concerm,. 

° - *. ee . ° ° : . “ e 

. =“ . me . +8 s Pr be > . “"e ' ~ : 
" . at Ja . . ; at . oe 
. Sa. Monitor’s requ{resents and weekly schedule {s. bef{ng pet with 
-tvo exceptions: . aA a : a3° : 
i r - e* “ks . ¢ = % . “ 
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: Nonltor Marketing Prog ; ‘ RO eee ; 
~ . , o . = ‘ = 
5) . _ , « - 
Las . be. We are behind in dual P sc unlts duc to a ae 
. . : technical prodlen encountered {n the unft or the ; 
_ . 4 test ‘stand. Thirty-six cvels have been shipped to : 
.* ‘ ° Nonltor to dete, with ancther ship: EAT expected 
; this veeck. We are vigorously pursulns this prodlen, 
e 7 ¥ however, tlonltor does have dual unfts on hand and the 
- . tituatfon has not as yet becoxe critical, 
. 5 “ew ae F % beng ; * 5 we 
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The Singer nane {s not being veed on the product or the 
product packastne, exeept oY the Warranty card, which Ls 
required by lav, Any {ntcutlon to use the Singer nare, 
either on the product or aevertising and prorotLonal 
materfLal, will first be cleared with the odpproprLate 

New York departrents..;- . aus . 
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We keep {n contact vith our legal counsel on all matters. 
thich may cone within > jur{sdiction of the Sherman 
Anti-Trust Act. .. .« . ; ay oon ‘ 


‘ z oe Wk ° ; “ ' th 
A procedure has been ad1lished {n ¢ contract and 
of the contract for cpproving proxotional naterfal. 
Hr. Phelps has been acting fr tha {n clearing such 
materf{al through Mew York 


ZI trust this 
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Robert A. Kloby 
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ee ‘ ' June 25, 1965 
'S_EXil ’ 479 . ’ 
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Organization Announcenent ss 


As a further step int 


it has been 


h will bring together 


nt 


=OSt of the US. units 


3. The new Division will be 


Ss: RE ‘a tee. a eae i oa 
° wt. ova? oof. 2° Seen ee os q 4 ® 
~ Consuner Products Divis{on (including xKJ.H) Upeg 
~ Fanilvy products Division, Elizaheth, N.J fore. 
Sent part of the Marufacturing Division) 
- Wood Products Division, Trunann, Arkansas (pre-’ 
ze chs 


Sently part of the Manufacturing Division) 


Motor Products Division, 
. Part of the Special products Division) 


he Company's or: anizational 

Gecided to establish a new operating 
under ateate divisional 

prinarily concerned with 


hnown as the 


Products Division, ’ It will be Conprised of the 


Anderson,. §.C. (presently. 


- A Product Development group formed fron part of 
the Elizabeth Lisoratory of the Research and 
Development Division ‘ SiMe ae 

a Kee 1 aa . oe os ae 

The above changes will become effective June 28, | 

first day of the Conpany's third quarter On that 


for all of the listed unite. *- Pehle hts 


A 


nt 
U1 


Mr. Alfred di Sciplo has been Appointed head of 


viston Appotntnents te the staff of the new 


. ° : ‘ \: 
- oeeeein { ' . eases Salinas 


sion will assune operating responsibilit.és 


Division will be announced froa time to time by Mr. di Scipio. 


. . .* P ~- _ ° . 
. ae *3 ° 


The CPD Prodtct Development Group formed at Elizaveth 


will be responsible for relatively short-tera cevelopzent 


ceting in 


intended for mar! 


and engineering of new product 
the US. by the new Division. The balance of the present 


Elizabeth Laboratory will be constitutcd as a separate Product 


Devyelop:ent Group which will continue as a part of the 


Division and will continue to perfora relatively short-terna 


developnent. and engineering of new oducts intended for 


foreign markets. In_connon proprans nvolving the development 


of products intended to be marnetec ve by the new Com:.uner 


x - . 


Products Division and by some or ali of the other operating. 


. ‘ 


Divisions of the Company, the Product Development Group with 7 


primary {nterest in the project will take the icad in con- 


pleting it and the other Group will participate to the extent 
‘ a . 3 * ° y - ba ’ ” P . 
necessary to provide products specifically designed to neet 


the needs of the markets which it serves. Denville Laboratory 


; ‘Rae 
will-continue under the adninistration of the R&D Division 
e. 


and will continue to perfora relatively long-term research 


and development ained at both the U.S. an¢ forcign narkets. 


All this constitutes a further major step in 
implementing the organizational propran started some years 


Quo to bring touether under single divistonal control, to 
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June 25, 1965 


the extent feasible, line responsibility for the principal 
operations and functions relatiny to aajor Segaents of the 


Conpany's business in e- nd product 


esignated CCographical a 


fields. The present Step has brain carefully planned and is 
expected to produce Substantial increases in operating 


efficiency in the united 
‘ . . 
and earnings 


States consitser 5; 


ps luects field and 
diaproved sales . -I an sure that all persans 


sted Clrectly or indirectly by these changes ‘will cow 
Operate. fully to enable us to realize these objecti 


VCS. 
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*TO1 Mr, A. di Scipio 


FROM: B. C, Person 


DATE: July 26, 1965 eae FIFER TO 
$udJECT: PROPOSED STUDY - PERMA ANTT-SETD CONTRO 


Attached is a memorandum presenting the study plan for the Perna 
Anti-Skid Control, This memorandum has been prepared for the use 
of the Study Team to identify the specitic questions to be answered 
and for use in discussions with ingividuals not familiar with the 


device cnd this study. 


The action plan showing responsibility assignments and target dates 
will be forwarded shortly. ‘ 


Se Lf .2 a 
Director o: Tecnnical Services 
BCP: 1k 
Att: 


S. Boriss 

R. H. Elman 

J. E. McConnaughy 

D. McKearnan i 
8. J. Murphy : 


ec: Messrs. 


RECEIVED 
JUL 26 1965 
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July 23, 1965 


PERMA ANTI-SKID CONTROL 


PROPOSED STUDY 


This memorand 

Anti-Skid itrol. he 

this product i 2rms its technical validity and potential contribution to The 
Singer Company's oduct line. This will provide CPD management with a firm base 


on which t ecide course of action. 
Backrround of.the Study 
—— etn 


Responsibility for the Perma Anti-Skid Control proj:ct was transterred from the 
Manufact * Division to the new Consumer Products Division on June 28, 1965, since 
the devel nent work had been done atthe Elizabeth Plant, which became part of the 
new division. A few months after the Manufacturing Division acquired the rights to 
this product, they discovered several technical deficiencies which caused them to 
stop shipment and sale of the units. The technical deficiencies with the product 
reportedly have been solved and the device is now said to be ready for full-scale 
marketing consideration. 


Imno nce of the Study 
oe oe 
A thorough study of this project is important because: 


1. The Perma Anti-Skid Control represents a mujor product line decision. It 
is a,safety device that becomes part of the basic operation of a vehicle. 


The existing and potential exposure of Singer to legal action may be exten- 
sive. They involve: 


(a) Existing commitments to a distributor - Monitor Enterprises, Inc. - to 
supply units for sale 


(>) Approximately 180 units of inadcquate design already installed on 
vehicles 


(c) The possibility of accidents with cars equipped with this device which 
may reflect unfavorably on the Singer name and increase our insurance 
rates. 


The Company already has made a substantial investment in it - $13 +o $2 
million. 


Profits from the product may be substantial. The existing pro forma profit 
and loss statements show substantial cernings. 


eee continucd 
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Nature and feope of the Study 


Tho .isportance of this decision requires authoritative answers to specific questions 
4n six key areas which influence the course of action: (1) technical validity of the 
product ; (2) implications cf the use of the Singer name; (3) legal implications of 
exposurc; (4) financial evaluation; (5) marketing evaluation; and (6) divesture 
alternatives. To carry out this study, a special six-man task force of appropriate 
Company personnel will provide qualified coverage on each major study arec. In 
addition, other qualified experts within and without The Singer Company will be 
consulted as needed. 


Specific Questions to be Answered 


The following material outlines the specific questions to be answered by the 
study: 
1. 
beth Plant; (b) Research & Development Division; (c) competent outside 
technicel consultant, such as Cornell University Laboratories; and (d) the 


four major automobile companies. 


Is the device now fully developed and ready for production and a mejor 
marketing effort? 


“If not fully developed, what are the specific deficiencies? What is the 
time and cost requirement to complete development? 


What are the standard manufacturing costs at reasonable levels of pro- 
duction? 


Use of the Singer Name, 
- What are the implications of using the Singer name on this product? 


- Wheat alternative approaches might be used and what are their advantages 
and disadvantages? 


Iepgal Review. 


- What exposure exists from units now on automobiles? 


What is the exposure related to our contract with Monitor Enterprises,Inc.? 


What is the nature of exposure in the future if .icse products are mcor- 
keted? , i 


What is the nature of the patents we purchased and what is their business. 
valuc? rt 


eee continued 


PERMA ANTI-SKID_ CONTROL 


Nature and Scope of the Stud 
Specific Questions to be Answered 
3. Legal Review. (continued) 
- What is Singer's pouitten in regard to licensing other manufacturers? 
- Do we have redress against Perma for the deficiencies in design? 


Complete Financial Review. 


- What is the value and condition of existing inventory on 


(a) existing units on cars? 


(b) units in the field but not on cars? 

(c) inventory at the Elizabeth Plant? 

What are the financial implications of possible damage actions? 
What will the cost be if the project is terminated? 

(a) write-off of inventory 

(b) cost to recall units 


What are the pro forma profit and loss statements based on the findings 
of this study? 


The CPD Controller's group will work in conjunction with the Corporate 
Controller's Department. 


harketing Evaluation. 
- What is the potential market by class of customer? 


What are the economics for various means of distribution and what cost 
level must be maintained to keep this a profitable iten? 


How much promotional expense can be expected under present marketing 
plans? 


Alternatives for Divesture. 
- What alternatives for divesture are available if (a) the product is 


technically successful buc Singer does not wish to enter this product 


“"yine,’ and (b) if additional development work is necessary? 


esse continucd 


PERMA ANTI-SKID CONTROL 
ee 
Task Force Members 
The members of the Perma Anti-Skid Control Task Force will be: 
Boriss - Managcr pf Special Services 
H. Elman - Administrative Assistant to the Vice President 
E. McConnaughy, Jr. - Controller 
McKearnan - Development Specialist - Division of Corporate Development 


J. Murphy - Assistant Vice President and General Manager of the 
Elizabeth Factory 


B. C. Person - Director of Technical Services 


te Chairman of the Task Force will be Mr. Person and the Secretary, Mr. Elman. 


‘Timetable 


The timetable for this study and its completion date will most 
the arrangements that can be made with the automobile companies 
device. When this is known, a firm timetable will be prepared an 


a 
y 
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Director of Technical Services 
BCP: lk 
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VELEPHONE 716.633-7900 


IBY, We8 
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U September 1965 


Mr. Burton C. Person 
Director of Technical Services , 
The Singer Ge tipany 

*30 Rockefeller Plaza 


fer 
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SEP 3 1935 


New York, New York 10020 Sad manele 
ew T cw York vite q EURTO 


Dear Mr. Person: 


¢ 
“ss 


HW C.P 


‘ : 
In respoase to your recent visits to the Laboratory, the Trang- 
portation Research Department Suggests a three-phase program'of ° 


Feéearch relative to the Perma Anti-Sid Control System. 
of O82 7 


1, 


The Perma A nti-S» id Svstem 


In this initial phase of the program, the specifie 
technical 

viewpoint concerning its (a) advantages, (b) dicadvantsges, 

and (c) modes of failure. No experiments will be per- 


Singer owns will be reviewed from 


formed and this evaluation will be a matter of enginecr 


Opinion, : _e 


° oe 


B. Review of ACIR Data 


A brief survey of ACIR (Automotive 


Crash Injury 


Research) accident cases will be performed to roduce 
J 


&@ gross cstimate of the total percentage of intus 


eccidents in which the loss of Stecring control, through 
skidding produced by brake Application, was a probable 


£ 


factor in causation (ec. Be. Single-vehicic accident 


skid mirs lead Straight toa roadside ebstacle). 
the fincings from ACIR data must oe noaproprict \Ty, 
because of existine ACIR policy regarding the use of data 


athered under Support of public funds. 
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CONRLLL ALHONAUTICAL LAUOHATONY, Inc. 1 September 1965 


Mr. Durton C. Person 
The Singer Company 
New ‘York, New York 
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Robert A. Wolf 

Head, Transportation Research Dept. 
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Novector 16, 


Nir, B.C. Tersoa, Director of Techatcal SEcrvicce 
Tie Singer Company - ial eae 
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svosects = Fail-safe Evaluation of D> sine de Modifications ~~ 


oN 


« ¢ *e - 


We have completed our ids sabia anatyete ” the fail- 
safe aspects of. the desien changes submitted by Perma. - 
The modifications do improve a ‘majority. of the Undesir= 

" sake conditions that were inherent in the old deaicn; 
however, the system docs not fail-safe under all condi- 
tions. As indicated in the analysis summry, these 3 a 


conditions can be grouped into tio y categories. The first. 


° 


group lists three conditions under which the’ unit would ; i} 


not fail-safe leaving the driver in a helpless position. 
The second group lists cer tttions under which the driver 
would be able to obtain additional brake pressure by xa 
releasing and reapplying pedal pressure. a 

_ Attached is the summary and details of the “analysts that 


was made. Ak 8 oy TER Ss eee bee < 


+ ea BOR acl, ie vinager 
Manufacturing Engincering 


Att. . 
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© SUMMARY OF FAIL-SAFE ANALYSIS 
Th 


e org 
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< 4 Y si > @ere+ , 9% Sa 
Qs eas ‘ = eee 


Cond‘ tions. under which r w design will not fail-safe, 


(Fail-safe 15 understood to “ean that the system would 
returm the ability of obtalning at least the same output 
cua that could be obtained with the original brake 
system), ee : ie ‘aie 


1. Under the following condltions the unit will not 
fail-safe regardless of what Ls done vy the driver, 


Vacuum to front of Perma-Vae 19 cut off éeuring 
@ cycle by a kinked hose or stuck transfer 
Valve witht atmospnerle port Open snd-rolary. 
ViIlve jainned or sluggish, Rpts. 


bd. Failure of Perma-Vac Spring. 
¢. Piston "0" ring seals leaking... 


Under the following conditions the unit would not 
fail-safe unless the driver released and reapplied 

‘ ped3l pressure vhen more than 500 p.S.l. was re 
guired to stop the vchicle, pee 4 


a. Rotary valve jamacd in Open position, 
bo. Pressure switch fails to open. 


¢. Governor drive cable rotates erratically, 


6. Cam gear hangs up. 


¢. Complete vacuum failure (stalled engine), 


+. 


Lf. Low sourc vacuum, . : s 


Ge Vecuun delivery cut off to transfer valve 

during cycling. ; ae ae - : 
Transfer valve sticks in either position 
Guring cycling. - :™-- 


Micro switch jammed in closed position, 


{DX 529, 
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FAUL-S2F AWALYSIS OF KODIFIED TRANSFER VALVE 
5 ie a cape bean eet sa ’ pr prfeh te hay : 
Pailures that Eliminate or Detract. Frobabiiity of Failure Occurring 
from Fail-safe Features and Geacrsl Cosmecnts 
- 1. Valve stuck swith atmospheric : 1. Experlences encountered 
* port open. “te ; during previous testa on 
: valves of this type strong} 
indicate that it 1s prone 
to such a malfunction. 
: 2sONnS? 3 
Fit between bore and 
piston must ce reacsen= 
ably close to prevent 
excessive leakage 
fluid. Tnis 


‘changes attr 
temperature 


expansion coct 
of components. 


Deposits of carbon and 
-Jead from minifold ¢ - 
on piston and bore 
cause bindinge 


bleed hole 
Mole port c.:::° 
binding of dizuzs 


4 


-%e 


2. Slugcish valve due to binding, 2. .Over a neriod of time, bti.-s 
dirt, cte. increases the ; condition is likely to occe: 
response time of the unit. ; due te *he above reasonse 
With continuous vacuum applied - aie F 
to rear chamber, the vehicle pi ae 9 lindas 
vould be without brake pover 
for a considcrable length of 
time. 


- . 


® probabllity of Failure Occurring 


Failures tit Elisinate or Detract 
and General Cosments 


from Faltl-s9Ce Features 


“ ° ~ 
3. Plugcing of bleed hole by *- 3. Since the unit is only cx- 
contaminants would cause ie ae pected to be actuated 
valve to stay in open atmos- . . occasionally, it sould seen 
pheric port position once it probable that vlugging micht 
was actuated. (See itom 1) . occur over’ a period of time. 
: , ° If the unit were actuated 
“7. 1? . ae é frequently cnovgh, the 
ef pote ee ee Br foreign mtter would prob- 
. : . 7 ne . ably be blown out or sucxed 
ie ee Peto Ser Wie Mesh 35 4nto the diaphragm chamber. 
vy . t o. S e-. ° . % . . 
Rh, Valve stuck with vacuum port 4.  Seme as item 1. 
open. . oi Reet toa on ; ae F 
ale. ° atin Pha i nal ; 
5. Poppet valve fails to seat ; S. Proper selection of vore 
sizes, etc. vould rule out 


under low vacuum condition. 
. ¥. . this possibility. 


- 


6. foppet valve spring fails. . ’ . 6. 


Unlikely. 


7, Rubber poppet ray crack, wear, 7. Life teating would determine 
or deform causing inlfunction when it should be replaced. 
of fail-safe fcaturee eas 
. ee 4" Py 
* . e « 
‘ . . 
* © . e 
: ee o pne ee 4 
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(withoqut! vacuum, press 
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ed pressures 3 


3 on ES bey iriver] 

1 ign 2)% 4 the new fle 
fluid presvire whoxveby GAnereas 
2509 PSI). | ° fl : 
Fig. (3) The chec. vbive shown provides an escape 

* gnsuring popitive seating of the Relrin seat and the cone pivg 
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UNEASE “AIALNSIS OF FATE-SAPE THMISEER VALYE CONCEPT 


(Design Received sovenber 10, 1505) ... 


Anti-Skid hook-ups to any vehicle 


wR: Mechanical “ .7, ° bo npecdomcter cable outout 
2, Vacuum Supply. ' to Intake manifold 
3, Electrical - to car vittcry supply’ 


-. 4. Wydraulic - ; {nto brake lines - between 
at a Ra es hig, Rete master cylinder and vheels 


be . + ° - 
ne, oe % ‘ ee ae 


./ . =e al oe ; t e * 7 
ty e if e ? . car ae . e reali. ’ e 
° { °¢ a eis mas A ety x eae at 4 ue e é 
a hg . * ‘ pan a ; + Paha 4 . Z 
xf bene - ‘ . . = bd > a9 : ° e as . ° 
, aa ee : aaa : ae ef Z ee = . 2s : * . . 
: : If failure occurs in item3 1, 2, 3, or 4, or any : 
. re e 
¢ombination thereof, item 4) must function when called 
: upon (i.e. to revert to original system). . 
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MEMORANDUM S IN| G le IR 


¥ y2I FINST STREET * ELIZABETH, NL 4 
a ‘ Mr, R. A. Kloby - Manufacturing Manager 
Perma Anti-Skid Device 
FRO! A. E. Romel 
DATE July 22, 1965 eerento: AER:ms 


SUBJECT TECHNICAL STATUS REPORT 
“PERMA ANTI-SKID DEVICE" 


Te attached technical status repo~t is submitted for 
your review, comments, and approval. It should be 

noted that only the major highlights of the project are 
contained in the report. Detail information concerning 
development, laboratory, and road testing is on file in 
this office should you desire more information. 

An oscillograph tape recording taken on a 1965 Cadiliac 
during a 40 m.p.h.panic stop on dry pevement is included 
in the appendix. This tape 4llustrates the type of "lag" 
mentioned in the report which ceunes brake power reduction. 
It is hoped that these tapes will enable us to determine 
the cause of such lags and redesign to eliminate them 


entirely. 


Respectfully submitted, 


ie. eo Kore xm 


XT, E. Romel, “anager 
Manufacturing Engincering 


TECHNICAL STATUS REPORT 


"PERMA ANTI-SKID DEVICE” 


Prepared by 


A. E. Romel 
Manufacturing Engineering 
The Singer Company 
Elizabeth Factory 
July 22, 1965 


- 
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I, HISTORY 
1. Reason for changing original design. 
A. Field complaints. 


Numerous field complaints, written and verbal, 
began to generate from the field during the 
month of January 1965. Although a majority of 
these complaints involved situations which per- 
tained to installetion and servicing problems, 
performance and reliability deficiencies ap- 
peared as early as January 15, 1965. Investi- 
gati~ conducted by our engineering staff while 
se ‘ these complaints indicated that the 

p! - switcnes were not performing properly. 
The , ability of requiring different switch 
settings for each meke and/or model venicle was 
investigated, end reliability, repeatability, 
and environmental testing wa conducted, Tne 
results of these tests indicated that the 
pressure switches were unreliable, and there- 
fore the decision to stop production and market- 
ing of the unit was meade. 


On March 12, 1965, tie engineering dep 
received conies of preliminary svecifi 
for Anti-Skid Devices from Perma. 
fications were develoned by the 

of General Motors, and were da: 

A report from tne Du Pont Corpor: 
ceived on March 11, 1965, which conte 
eng,ineering evaluation of the unit 
list of features thet indicated tne 
concepts of the unit were deficient. 


An anelysis of these reports along with infor- 
mation obtained during a discussion with various 
brake and automotive manufacturers, shoved that 
certain design aspects had to be chenced, because 
of possible brake failure, or insufficient brake 
pressure. 


Production and performance testing. 


Due to a large number of rejects appearing during 
manufecturing, an evaluetion of the test speci- 
fications supplied by Perma was conducted. An 
analysis of these specifications end their re- 
lation to actual product performance in a vehicle 
was started. Tests performed on comnany cars and 
laboratory test equipment indicaced tha. ene unit 
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did not react the same on ali types of vehicles, 
even though they met the laooratory tests. In- 
vestigations by Singer and Perma, revealed that 
fluid displacement requirements were greater on 
the later model vehicles than they were on the 
older models, which were used by Perma during 
development. The available displacement was 
marginal for most of the newer meke vehicles, 
which caused complete or partial brake failure. 


The development of a new pressure switch and re- 
design of the hydraulic system of the unit were 
carried out simultaneously. The solution to 

the pressure ° d displacement problems was to 
add a vacuum assist by means of a transfer valve 
and to increase the piston bore size. Extensive 
road tests were conducted on a redesigned unit 
during April 1965. Analysis of the test data 
indicated that longer stopping distances occurred 
when the device was used. Tnese distances were 
increased by as mucn as 20% on dry pavement wnen 
the device was used. Due to the lack of a test 
vehicle for tne dual unit, the system was tested 
on a single master cylinder vehicle. These 
results were mixed with a maximum increase of 
14% on dry pavement. 


On May 6, 1965 the engineering department recom- 
mended that the shipment and sale of units be 
held up until a unit could be develonved, waich 
wovld provide equal or shorter stopping distances. 


n 


Plotted data of cyles/sec. vs. stopping dis- 
tances taken during these tests, indicated that 
4t was theoretically possible to obtain these 
results by: 


1. Increasing the number of cycles/sec. 


2. Cutting down the degree of wheel rotation 
during the release portion of the cycle. 


Product Redesign Alternatives. 


Initially (before first series of road tests ) 
a. Pressure Switch 


1, Improve present design by altering a 
minimum of components. 


2, Buy a comnercial switch which met the 
requirements. 


- 
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Perma-vac (Hydraulic System) 


Alternate solutions to aisplacement and 
low pressure out-put problems, 


1. Complete redesign of unit. 
2. Addition of vacuum assist. 


Alternate solutions tc *onger stopping dis- 
tance problem (After y 6, 1965). 


a. Increasing vacut: flow by increasing 
passages in sensing unit. 


b. Meter brake line pressure by means of 
a control valve. 


Meter vacuum flow-thru sensing unit. 


Meter vacuum flow by means of e four- 
way transfer valve. 


Electrical cycling of sensing unit 
through use of a solenoid. 


Electrical cycling by means of a 
governor generator. 


Solenoid operated four-way 
Servo metering of vacuum, 


Pressure meter 


ing b sing two relay 
controllej switches 


Pressure metering by using two different 
pressure switch settings. 


3, Reasons for selection or rejection of 
alternatives. 


The alternatives were fir’ * clessifiecd 
4nto short and long range orojects. 

Due to the cost and limited personnel 
available, it was decided to restrict 
extensive experimentation to short range 
projects. Some preliminary investicat 
4ons were to be performed on the long 
range projects, in the event that tae 
desired results were not obtained. 


> ie 
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Alternatives b, d, 1, and, j were 
considered as short term orojects. 
Alternate "j" was rejected in that, 
4t would require the operator of the 
vehicle, to throw a switch for each 
specific road condition encountered. 
It was considered undesirable from a 
marketing viewpoint. Similarly, "1" 
presented a problem when driving on 
mixed road conditions. Preliminary 
dnvestigations conducted on alternate 
"a" were not encouraging, and there- 
fore, it was shelved. 


The metering of brake line pressu”e 
appeared to be tne least costly, had 
shortest lead time, and reduced stonp- 
ing distances during preliminary 
testing. 


Preliminary investigations were per- 
formed on all the long range projects 

Further studies must be 
made before reaching any conclusion, 
in that the tests conducted, were 
rather limited. 


It should be noted thet the vressure 
{gned 


switch has been redes , end is 
functioning adequately. The low 
pressure out-put problem hes been 
overcome, exceot for the case where 
engine stalling might occur. Tne 
question of stooping distances is 
fully discussed in the next section. 


E-1210 
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II. PERFORMANCE CRITERIA 
1. Operating Range 
A. Dual Unit 
The unit is designed to cycle within the 
following ranges when braking is applied 
abruptly and both rear wheels lock-up. 


1. Temperature: 200°F to -30°F (*) 


2. Speed: 


a, Maximum: 70 m.p.h. (**) 


b. Minimum: 10 m.p.h. 
Cycles per second: 2 to 3 
Minumum Vacuum: 14 in. Hg. and an excess 
of 12 cu. ft. per minute in volume of 
vacuum, 
Minimum Voltage: 11 Volts D.C. 
Fluid Displacement: .330 cu. in. 
Single Unit 
The unit is designed to cycle within the 


following ranges when braking is applied 
abruptly and both rear wheels lock-up. 


1. Temperature: 200°F to -30°F (*) 

2. Speed: 
a. Maximum: 70 m.p-h. (**) 
b. Minimum: 10 m.p.h. 
Cycles per second: 2 
Minumum Vacuum: 14 in. Hg. and an excess 
of 12 cu. ft. per minute in volume of 
vacuum, 


Minimum Voltage: 11 Volts D.C. 


Fluid Displacement: 435 cu. in. 


~- 
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Vehicles have not been tested over this 
speed. 


(*) This information is base on tests 

ducted by Perma. Environmental 
this temperature have been perfo 
a laboratory. 

2. Application Requirements 

A. Vehicles must have: 

Hydraulic operating drum type brakes. 
12 Volt D.C. electrical system. 
Speedometer drive at transmission. 
Rear wheel drive. 
Internal combustion engine which 
a minimum of 15 in. of vacuum 2 
cess of 12 cu. ft. per minute 
of vacuum, =ngine must be 


4 
4ng condition to insure suff 
vacuum supply. 


n 


6. Vehicle brake system must be 
condition, properly; adjusted, 
3, Limitations of Unit 
A. Steering Control 


1. When stopping the venicle on two lane 
roads where straight stonping is essent 
the unit enables the operator to ston 
vehicle within O to 5° with respect 
road. 


LL 


ae 


TWO LANE (wre 4 UNIT) 


. 
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TWO LANE ROAD (wiTHOUT UNIT) 


The degree of steering control obtainable 
4s dependent on road coefficient of frict- 
4on and speed. It is possible to avoid 
contact with an object in the path of the 
vehicle, depending on its location and the 
other variables mentioned. 


The unit will not provide steering control 
under conditions where: steering control 
would not be available even without brekes 
being applie due to extremely low road 
friction; ce:.crifugal skids due to excessive 
high speeds on sharp curves or nigh acceler- 
ation on slippery roads. 


On mixed road conditions, two right wheel 
on snow or ice, and two left wheels on dry 


pavement, the unit will enable the operevor 
to bring the vehicle to rest at an angle of 
0-5° with respect to the road, depending on 
the amount of correction introduced by the 

operator. 


B. Stopping Distances with Unit 


l. 


Dry Road Conditions 


Latest test results indicate that the average 
stopping distance varies with meke of venicle. 
Tests conducted on a 1965 Cadillec, 1964 Buick: 
Wildcat and 1964 Dodge Polara indicated that: 


1. Slightly longer distances can be 
expected on the Cadillac for all speeds. 


2. Shorter distances can be expected 
on the Buick for speeds over 40 m.p.h. 


Shorter distances can be expected 

on the Dod ‘or speeds over 50 m.o.h. 
with equal o° slignatly longer distances 
for the lover speeds. 


-7- 
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A summary of average stopping distances 
for these vehicles is provided bclow. 
Please note that two different test 

sites were used for the Cadillec tests. 
Te Route 80 tests were not considered 

4n the averages because, a limited number 
of runs were made. The results were mucn 
better, and it should be pointed out, 
that these tests were conducted when the 
vehicle was new. 


AVERAGE STOPPING DISTANCE 
VEHICLE MAKE TEST SITE 


1965 Cadillac Rt ,.1-287 4g! 5" 48' 3" 
(Dual Uns, 
Rt .I-287 79! 5" 77* 10" 
Rt .I-287 123' 4" 122! 
Rt. 80 167' 9" 181! 
Rt ,I-287 173! 2" 170! 
Rt. 80 217' 5 231' 


Rt, 1-287 235' 233° 


1964 Buick Rt, 1-287 39° 39' 
{Single Unit) 

With Metering ‘| Rt , 1-287 105! 107! 
Valve 


Rt . 1-287 BS yo 198! 


1964 Dodge Rt . 1-287 hes 4 i! 
(Single Unit) 
With Metering Rt .1-287 B33° 32 112! 
Valve 

Rt .1-287 219° 2 eee! 


as Wet Road Conditions 


Tests conducted on the above vehicles in- 
dicated that tne average stopping distance 
was substantially shorter for speeds over 
4O m.p.h. when the device was used on the 
Cadillac and Buick. Slightly longer dis- 

~ “tances Merc a fain | lLuLlow this-speedfer——-— 
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these vehicles. The Cadillac was retested 
at 30 m.p.h. after the engine was retimed 
and tuned. This test resulted in shorter 
stopping distances with the unit. The 
graph in the appendix was not changed to 
reflect these results. Substantially 
shorter distances were obteined for all 
Speeds on the Dodge with the exception of 
30 m.p.h. tests, which were equal. The 
following is a summary of these tests. 


AVERAGE STOPPING DISTANCE 
: FOR “JST ROAD 
VEHICLE MAKE SPEED TEST SITE H DEVICE WITHOUT DEVICS 


Cadillac 30 Rt . 1-287 61' 4" 64*' 1" 
4O Rt . I-287 95' 9" 96' 9" 
50 Rt . 1-287 168' 11 177! 
60 Rt. 1-287 226! 9" 243' 4" 
70 Rt , 1-287 325' 4" 354' 8" 


30 Rt. 1-287 4i' 4o' 10" 
4O Rt , 1-287 78! 78* 11" 
50 Rt . 1-287 126! 132' 10" 
70 Rt . 1-287 283' 5 305' 4" 


30 Rt , 1-287 46! 3" 46" 11" 

50 Rt . 1-287 152° 8” 264" 1" 

vee) Rt . 1-267 365' 7" Kuyt 4" 
Graphs of average stopping distances versus 
speed for dry end wet road conditions can 
be found in the appendix of this report. 


Detailed sumnary sheets listing all runs 
made are also included. 
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C. Ability to Cycle 
1. Fooling the unit 


It is possible under certain 

to lock-up the wheels without 

the unit. This characteristic 
"fooling the unit". As stated 

the brakes must be applied abruptly 
order to trip the micro switch in 
sensing uni* This abrupt braking 
4s generally <pplied during emergency 
stops. However, drivers have been 
to apply brakes slowly on silopery 
conditions to avoid wheel lock-up. 
4s practiced by most experienced 

and therefore, they must be ir‘tormed 
the unit will not cycle under these 
stances. 


Loss of vacuum 


The unit will not cycle if 
stalls or a loss of vacuum 
occurs, due to hose breakag 
leakage in the vacuum systen 
If the loss of vecuum occurs 
brakes are applied or 

loss of braking 


ower wi 


calculated available 
friction is: 450 o. 

unit, and 485 o.s.i. 

pressure may or may not lock-u ie wn 
depending on the speed énd condition 
brake linings at the time the fai 


Tests performed on a 1965 

at 60 m.p.h. on dry concrete, 

when the motor was turned off 

ing, 450 p.s.i. was developed. 

stopped in the same distance as 

aounit. With the motor turned ‘ 3 
cycling, 550 to 600 p.s.1. was obser 
with approximately a 10 ft. decrease in 
stopping distance. 


The nature of the product although ingly 
simple in principle requires that qualificd 
Anstallation and servicing be provided 
consumer. Therefore, we feel a troubles 
ing and repair guide must be supplicd. 
The followinzs sui? -. an example of the 
of informetion wie ‘S1L be included in 
technical servicing manual. 


att. = 


TROUBLE SHOOTING AND REPAIR 


SYMPTOM 


Anti-Skid Unit 
not operating, 
speedometer 
working 


Speedometer not 
operating; Skid 
Unit operating 


Speedometer not 
operating; Skid 
Unit not operat- 
ing 


Hard brake pedal, 
no braking 
pressure 
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PROBABLE CAUSE 


Flexible shaft not 
installed correctly 
to gear box or 
sensing unit 


Open conne:tion in 
wiring 


Insufficient volt 
applied to pressu 
switcn 


age 
re 


Hoses connected wrong 
disconnected or 
damaged 


gear box 


Speedometer cable 
connection broken 
or not properly 
installed 


Stripped speed-o-gear 
ori adapter or gear 
slipping on insert 


Hoses connected wrong 


CORRECTIVE ACTION 


Check installation 
of flexible shaft 
by: 


1. Raise rear wheels 
and put in drive 


2. Place drop light 
behind sensing unit 
and observe whether 
governor shaft is 
turning 


Check wiring to 
that all connec 
are secure 


ti 


Check 12 1 
with volt me 


Check c 
reconn 


Replace geer box 


Check installeti 
and replace 


parts 


re r 
ONC 


5 
O 


Replace adapter 
using gear that 
the same number of 
teeth 


Check installation 
snect for cor. 


inst: 11 


2bi0n 


SYMPTOM 


Anti-Skid 
modulating con- 
tinuously 


Long lag time 
between last 
pulse of Anti- 
Skid sensing 
unit 


OR 
Reduce brake 
pressure at the 
end of pulses 
of panic stop 


Unit oulsing 
very slowly 


8. Anti-Skid Unit 
not operating, 
motor stalling 
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PROBABLE CAUSE 


Hydraulic oressure 
switch leaking in- 
ternally causing 
contacts to short 
out 


Solenoid of Anti- 
Skid grounding out 


Hydraulic pressure 
switch set too low 


Transfer valve 
sticking in closed 
vacuum port position 


Lack of proper 
overating vacuum 
supply or excessive 
vacuum leakage 


Lack of prover 
operating vacuum 


Improper engine idle 


Automatic transmission 
dashpot not operating 
properly 


CORRECTIVE ACTION 


Replace switch 


Replace with new 
sensing unit 


Replece s.icch and 
return defective 
switch to factory 


Replace Perma-vac 
and return unit to 
factory for evalue 


with 16 in. 

is recomended 
18-22 in. Hs. 

used due to ssit 
losses during cyc 


Same as above 


Same as above 


Adjust dashpot 


. 
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SYMPTOM 


Erratic braking, 
intermittent 
pulsing of Anti- 
Skid unit in 
panic stop 


Anti-Skid Unit 
cuts out on 

- slippery road 
conditions 
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PROBABLE CAUSE 


Worn speed-o-gear 


Braking system not 
bled properly 


Improper brake ad- 
justment 


Glazed brake lining, 
worn brake lining or 
leaking wheel 
cylinders 


Hydraulic pressure 
switch set too hign 


CORRECTIVE ACTION 


Replace gear 


Bleed brakes 
Adjust brakes 


Use standard auto 
repair procedure 


Renlace sv 


si nh and 
return to 


+ <7 
vOLYy 


+ 


vite 
fac 


SHORT RANGE) PROGRAM 
Aim of present testing program. 


The present testing program is designed to obtain, 
technical information on unit performance, to 
evaluate its reliability, and insure that adequate 
product testing at the factory is provided. 


Vacuum drops at the end of cycling a unit, 
vehicle, have been cztected through the 
oscillograph recorder. We are presently 
gating the cause of these vacuum dror 
result in legs during cycling, and 
@istances. These lags appear occas 
would not, in most cases be noticed 
consumer. They are, from an enginee 
highly undesirable. 


“9 
“ 
n 


1 
i 


° 
° 
t 

r 


ng 


metering valve. 

pressure reaction time is 
mine whether higher pressu 
feasible. Technical data 
must also be obtained t 
snow and ice, These te 
the lagging problem is 


Oo @ 


w 


Performance testing should be 
variety of vehicles, due %9 

placement requirements 
gram on a limited basi 
vehicles, is difficult. 


, 


Performance indications to 


There are strong indications that 

performance has not been obtained 

configuration. Even though shorter 

tances have been cbtained in most tes 

occasional lagging is still present. 

are very optimistic now that we ere able to record 
data by dynamic testing. The oscillogreph has 
taken out the guess work, and a logical approach 
to design problems can be taken. 


Problem areas. 


a. Design problems which may prevent sale 
make undesirable. 


1, The maximum avails 


with no vacuum 
485 p.s.i. for the 


a a 
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respectively. Wheel lock-up on dry 
pavement is approximately 400 to 800 
p.8.i. for most vehicles, This means 
that if the engine stalls, loss of 
brake power could result. 


The dual unit requires a minimum of 

14 in. Hg. vacu''1 during the last pulse 
to prevent lagging. Tests on the single 
unit have not been completed to date, 
but we suspect ¢ 2t the requirement will 
be about the same. Vacuum drops as lov 
as 11 in. He. have been detected on a 
1965 Cadillac. We are presently checkin 
out this vehicle to determine whether 
engine performance is the cause. If 
engine vacuum drops of these kinds are 
typical in the 

be redesigned. 

mentioned before, 

shc. 1° function with 


Design problems affecting product life and 
reliability. 


Sensing Unit 
ye 


< FF 
% 


O + 
Oo 


0 0 roche % 


functions 

but do not af 
system. Cz 
unit to cycle 
trying to hold 
drive train as 
have not 
occurring c ; 
many roed tests periormed. A 

washer has been added to restrict 
entrance of foreign matter. We have 
accumulated approximately 36,000 miles 
for an operating speed of 65 m.p.h. on 


— 


t 
° 
le) 
1 
+ 
Ve 


mmwac 


our test runs to date. The unit has been 


operated continually for & hrs. daily 


with checks for cycling being taken peri 


ically. 


d- 


[DX 577, p 21] 


Contamination entering rotary valve 
through air filters cen cause total 
brake failure. We heave experienced 
this on one of the test vehicles. 
dowever, new specifications have been 
developed for the filters whicn should 
affor the required protection. Our 

Zeld servicing manual will specify 
that, "filters must be changed every 
5,000 miles or six months, whichever 
comes first". 


Centrifugal action and heat generated 
at high speeds heave a tendency to 
Grain or dry out lubricants on the 
reverse switch components, t 
have been noted to wear completely 
through breaking the electrical ci 
Expected life of these components 
approximately 40,000 miles for operating 
speeds of 65 m.p.h. Failure of these 
components should prevent unit from 
cycling. 


Perma-vac Unit 


oe 


Vacuum failure 
reduction of 


results in 


Metal chips or foreign matter 

draulic system, cuts "0" rings 

results in loss or reduction or ake 
power. This is a quality control problem 
but is mentioned here in that final 
testing does not always pick uo this 
defect. Several occurrences of this 

type of failure have been experienced. 


Vacuum availability from engine manifold 
is not always sufficient to pull beck 
piston far enough. This results in l2zgs 
at end of cycling. 

Wear of piston "0" rings cause leakage 
of fluid in hydraulic system. Only one 
case has been found in the ficld to date 
in which this has occurred. The vehicle 
was uscd as a demonstrator model and 
experienced more use than would a normal 
vehicle. However, since transfer of 
ownership of older vehicles is common, 
service should wisst the vehicle or 
periodic :miaij nec must be vorescribcd. 


= 16 « 
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To date, there is no record of actual 
life in terms of mileage for this 
characteristic, 


Adaptors 


1. Seizure of the steel drive shaft to the 
plastic housing of this component has 
occurred in the field. The cause for 
the seizure has been traced to the in- 
ability of the specified material to 
withstand the heat generated in the 
transmission of some vehicles. The 
central engineering staff has assigned 
&@ plastic specialist to work with our 
Quality control and manufacturing 
engineers on this problem. Failure of 
this component can easily be detected, 
in that the speedometer indicator will 
not work. The unit will not function 
but normal braking power is not affected 
This malfunction can result in excessive 
field service costs, 


Viscosity Changes of Brake Fluid 


1. Viscosity changes due t 
may affect the functionins 
utilizing the metering 
have been conducted on 
date, 


. 
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IV. PROTOTYPING STATUS 
O 1. Dual Unit 
A. Vehicles prototyped. 
1. 1965 Cadillac (all models except limousines). 
2, 1964 Cadillac (hydra-matic transmission only). 
Variable Kit Status. 


1. Engineering 


a. Operation sheets need revising. 


Editorial 
a. Templetes - alterations required. 
b. Instruction sheets - 


Availability of Components (all :somponents 
available except: ) 


a. Templates. 

b. Hydraulic tubing 

c. Instruction sheets. 
Vehicles not prototyned. 

1966 Cadillac (211 models). 

1965 Cadillac (limousines o 


1964 Cadillac (turbo-hydra-mati 
only). 


1963-1962 Cadillzcs (all models). 
1965 Rambler (211 models). 
1965-1962 Ramblers (all models). 

*The above mentioned automobiles were prototyned, 
but due to the addition of the transfer valve to 
the Perma-vac, each make and model will need 
changes in Variable Kit Components. Such change 


{ 
in components as redesigning of templates, addit- 
jonal hydraulic tubing, Iditional vacuum hosc, 
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and redesigning of the speedometer connection, 
require each make and model automobile to be 
reprototyped. One model of each of the above 
mentioned automobiles will require road test- 
ing to determine the necessity of a metering 
valve between the brake block and the Perma- 
vac, 


2. Single Unit 
A. Vehicles prototyped. 
1. 1964 & 1965 Chevrolet 
(Impala, Biscayr , and Bel-Air models with 
V8 or 6 engine and automatic transmission 
only). 
1964 Buick 


(Wildcat - floor console, automatic trens- 
mission only). 


3. 1965 Dodge (Polara, 880, and Monaco series, 
automatic transmission only). 


Variable Kit status, 

1. Engineering 
a. Operation sheets need revising. 
Editorial 


a. Instruction sheets - alterations required, 


Availability of Comoonents (all components 
available except: ) 


a. Metering valve. 
b,. Hydraulic tubing. 
c. Speedometer connection (1965 Polara only). 


All @. M., Ford, and Chrysler automobiles excent 
Oldsmobile 98 and 8& series, Chevrolet Corvette 
and Corvair, and 1965 Lincoln and Ford Thunder- 
bird, were prototyped, but due to the addition of 
the transfer valve to the Perma-vac, and the 
necessity of a metering, valve, eech make and model 
will require changes in Variable Kit components. 
Such changes in comnonents as redesignine of 
template: , additional voulic tubing, and vacuum 
hose, and chengres in * “Lble cables, require cacS 
make and model auvomorile to be reprototyped end 
road tested. Due to front wheel speedometer drive 


= 19 - 
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2 


on Oldsmobile gf and co. series teticid unit 
cxnno’ be adopted to tiece err: ot this ore. 
Becaus? of the higner raeel locking vressures 
required of disc brakes, tie Chevevlet Corvotte, 
1965 Lincoln and 1305 Ford Myyndertird cannot 

be prototyoed until further receerca end road 
testing 13 underteizen t> detoernine ‘f unic mil 
function ovoperly. In ‘ne nee.’ fucure, this 
protlein will become more acite as dise brakes 
replace drum tyve brakes oO} 

equipment on some 2utomobt 


[DX 595, p 1] 


DEFENNANT!S EXHIBIT 595 


aan Re ee 

Tho Sluper Company 

Concumer Producta Divialon 
Elizabeth, Wew Jersey 


TOT ETE eS Qe Ohare 


' 
. 


Investment and Expendt{ tures 


. 
. 
7 


Physical Inventory (Valued at Direct Coat) $ 4,207,123 


Manufacturing and Testing Equipment 


t 
. 


Gross Assct Value : - $ 39,173 


Less: Accuwaulated Deprecfation 1,824 


Menitor Contract Termination Cost ; ° 


Hutricval of Unito from the Field 
Actual Cost - 1965 * § 217,969 
Actual Cost - 1966 ’ * 8,925 | 
Fstimated cost of Retricvine . ho } 
additional Units Instalicd 
by or Through Perma 
Research a.d Development 


Company . . : 176,914 


: as 


Reyalty Prepayment 7 : . "24,000 


Acsunvtion of Perma Research and ; ioe: 
Development Company's Loan with ; * 
fuanll Business Adininistration . 62,320 


Payments Made to Perma Research and ' : . : 
Development Company's Creditors : -° 227,377 


Start up Manufacturing Expense in 1964 : ar 47,368 


Operating Expenses in 1965 ; : 


¢ 


. 
. 


Manufacturing Varfances ; $§ 52,544 
Inventory Adjustment 18,211 
Manufacturing Perfod Cost 284,722 
Allocation of Adminfatrative Cost, . 26,572 382,049 


$ 2,149,500 
hee 
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"he. Burten C. Person , 
Director of Technical Services 
Tne Singer Company 

Consumer Products Division 

30 Rockefeller Placa 

New Yori 20, New York 


" 


Dear marhs 


“As per: our conversation, please find att 
‘M40tins of the High Ageregate pollen Value Bom 
which in total, represent approzinately 002 of 
present enventory velue of Perna sabe skid coiapon 
? s | am also att achine 1 a adagram of the ants.- “ova 
control which indicates the location of the aforcnentioned 
ese 


‘ ¢ ¢ 
as s fi? then ce 
G5 na 


Very truly : yours, 


‘ 

- 
> 

. 


e% 


i > Kloby’ : 
Kanufacturing Manager 
_Anti- -Sxid Control 


on ty 
2 
‘ 


oh 
” 
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October 20, 196. 


PERMA ANTI-SiID 


HIGT COLLAR TIVENTORY ITEMS 


Part Mo. © . Deserintion Amount 
17 -342034 Sensing Units $ 698,090, 


17-3205! ‘ Geax Box .»- 43,000, 


17-342033 Perma-Vac Unite 32,000, 
17-34202 Pressure Switch - 25,000, 
17 -342531 | Contact Block - 25,000, 
17-342019 “-” piston Spring 23,000, 
17-342059 : tatic Kits (Single) 21,000, 
--2T-392001 Hose _ 18,000, 


"97-342010 ° leather Packing 17,000, 
& facut Yate MS pabos (Diaphrega) wg 


17 -342534 Pressure Switch Plug 15,000, 
x 


342211 Flexib! 2 Shafts 14,000. 
eee, Care : Total $ 930,000. 


Low Dollar Inventory Itens § 240,009, 


Total Dollar Value of All Inventory $1,170,000, 


{Dx 603, p 


[DX 618, p 1) 


— DEFENDANT'S EXUIBIT. a ea i Sa a a a ee 


ote ee CINGZR COMPANY ea eb al 


. 3 . 3} . : 4 Sf 5S emeere woemerescee rteee + sew yess ae nai. eel 7. ¥ 7. * 
. oe nw oe) Ce te os " re fag | x A = Re ‘6 
Se: aes 2 seeremer_t,— 19 hes Ses 


Ponoen UF UF. MIITOR ENTERPRISES, INC. _. 


ie it La 
Sou «rs arn | thie fi Sh, ! 
a ’ bedded pose a Tene oe 


$05,009. > ee 


399 PARK AVENUE 


IRST NATIONAL CITY BANK |1j .. 
_ NEW YORK, “. Y. fe" 


Pam: 
ees ‘ A Paes 
ta ee : +"O0008SO00CC 
' . ko 
- . . ’ ° Se ; 
Sainnas~ -a’, .«. aa-neipeenpticiedmbanhegeenAbapiias a 
= aca 
Pie 5 tits : 


‘ we . Oe ee © Ore ° 
. . - ‘ 


on re oe er en eee name oe 


es . 
. POE LM FETT { 


J 3 Sem ; . : 
rai PAY } Niitey PrP. CX is. Sor eo . f 5 - oH eS. : : 


S.0 OF “ ‘ 
es 4 ar ot 
xe Tee ae. : , 
ap PGES 2] : 
+ |} pus. 316s Toes | z 
Te, eink ee bce ty BA Ee a a a a 
. . ‘3 * “ o * 
: . . | . * 3 
iiiecs cat Rs kccee a tee eet Ee bss . . 
a EUAN 5 ie ects 307 83 cen rh ‘ ve . | 
li-t2 ARS 42 ; 
em meen ns 
ei eed _— 
_ seoeeemeeneeoreninyen —iee, Ae <> Sh ROSY TED Se Sel ele ae ol ie Le ae ie” ae all eco 
“‘ 
; | 
i i 
‘ 
| | 
t 
Se te a - 
Se 93 Fh ~ Cox ee | 
| 
P | 
I 


E-1230 


* c % 
a Art Ae he 
+ “Si DX 653, cover) OCT 19 1972 


DEFENDAN T'S EX cuIDIT 653 


Base LP PAGE 7 “ ADV NCED CON YTROL CONCEPTS” 


THROUGI! PAGE 11 TO ADAPTIVE 5 STEERING 


ihe iphone DEVELGPMERT 
DIRECTING THE PATH TO FULLY 
AUTOR MATIC VERECEE 

CONTREL SYSTET 


S.1. MacDuff 
J.G. Rivard 
E.J. McGlinn 


The Bendix Corporation 


International Automotive Enginecring Congress 


Detroit, Mich. 690260 


January 13-17, 1969 


ADVANCED CONTROL CONCEPTS (TOMORROW) 


At the present time, several advanced control 
concepts are betng developed by one or more of 
the research organizations of our industry. 

Fach of these activities appears to be a clear 
and necessary evolutionary step in the direction 
Of automatic vehicle control. These coucepts 
are aos follows: 


1, Adaptive Nraking 


2, Adaptive Stecring 


3, Anti-Slip Traction Control 


4 Advanced Availlary Power Sources 


S$. Colliuion Avoidance and Vehicle Spacing 


ADAPTIVE BRAKING - In view of the fact that 
adaptive braking bas recently Leen made opttunal 
equipment in one of our luxury cars, it was 
@iff{icult to decide whether it should be clasat- 
fied ao an advanced concept. However, gsince the 
level of continuing research activity in this 
area is so high, and the probability of sub- 
stantial improvements are so great, it appeared 
@esirabl« \o consider this concept in the advanced 
category. 


The introduction of automobiles with adaptive 
broking (anti-skid) systems is a great milestone 
in automotive history for two reasons. 


1. It is the first time that vehicles are 
being equipped with a system having a 
sophisticated sensory capability, as 
well as a complex control logic imple- 
mented by a computer-like electronic 
circuit. 


One of the first examples of the develop- 
ment of an autocotive system by appli- 
cation of advanced systens enginecring 
techniques. ‘ 


Aa adaptive braking system has sensing and 
control elements which make it impossbile for 
the driver to operate the brake control to lock 
the wheels. In addition, this system will not 
allow the wheels to operate at a large percentage 
of slip. Idealiy, it controls braking near the 
peak of the u-slip curve. An adaptive braking 
system can produce stopping distances 10 to 15 
percent less than locked-wheel stopping distances 
on a high coefficient road surface such as rough 
concrete, and can produce stopping distances as 
wuch as 50 percent less than locked wheel stopp- 
ing distances on surfaces such as packed snow, 
which may have a coefficient of friction some- 
where between 0.15 to 0.25. 


Fig. 5 illustrates why this is possible. 
These curves show idealized charactcristics of 
tractive ffort of a tire on two different road 
surfaces under conditions of slip varying from 
© to 100 percent, The upper curve represents 
what might occur on dry pavement and the lower 
curve represents what might happen on a wet, 
slippery macadam surface. The increasing part 
of the two curves is referred to as the stable 
side, The shape of this part of the curve is 
probably largely determined by the clastie char- 
acteristics of the tire body and tread when 
stressed by traction in the plane of the vhvel 
The peuks of the curves are determined by the 
static Eriction cocffictent of the tire and road 
surface, and the l00-percent slip value ta deter- 
mined by the sliding (rictflon cocfficlent of the 
tire and coad surface. Siuce the two curves 
Feprescut the sams tire on different roads, the 
forvard part of the curve fw chown tu be the 
Game until a peak is approached. The portion of 
the curves from the peak to the 100-percent elip 


- 
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Fig. 5 - Tire u-Slip Characteristic. 
value represents cocbinations of static and dy- 


mamic friction coefficients resulting from the 
fact that as higher and hisher slip develops, a 
greater part of the tire footprint is actually 
moving in relation to the road surface instead of 
clinging to it. The percentage of slip at which 
the peak of each curve appears is variable, being 
dependent on the slope of the stable part of the 
curve and the static coefficient of friction. 


An early effort to develop adaptive braking 
consisted of sensing vehicle speed and wheel speed 
and then controlling the brakes to maintain a 
fixed percent of slip. However, the variation in 
location of the peak of the w-slip curve with 
different tires prevented a fixed slip system from 
being coopletely optimum. In view of its simpli- 
city, this system still might hawe been a satis- 
factory solution to the problem 4f it were not 
for the difficulty of sensing vehicle velocity 
while braking all four wheels. Determining 
vehicle velocity by measuring deceleration and 
integrating this value with time was considered. 
However, the effect of downhill slope upon this 
Operation quickly discouraged this approach. In- 
tegration of the slope-caused acceleration error 
fe cumulative and rapidly attains a value equal 
to the established slip percentage at a given 


vehicle speed. The control system, believing 
that slip is bein, maintained, progressively 
reduces the braking effort to zero. 


The present {s a claseical one but 
the earlier attempts to solve the problems which 
this approach presented by old-fashtoned cut-and- 
try methods of developwuwent did not 
marketable aysten 
technique te being 


approach 


produce a 
Modern systema engineering 
Ipplied now, and the resulta 
Obtained to date seem to ensure ultimate success, 
Ve fe probable that 
application of 
will occur 


large-ncale manufacture and 
wliptive braking systems to vehicles 
within the next two or three yeare, 


Thene ayatems will nense wheel deceleration and 


apply the fundamental logic that the vehtele 
cannot be decelerated In caceon of Ip; therefore, 
a wheel which decelerates at an anyular vs locity 


etCater than the equivalent of Ip vehtele decel- 
eration is actually developing slip and 
ing a Jocked-up condition. Larller 
used overrunning flywheels as the deceleroneters 
They operated switches which controlled three-way 
solenoid valves to alternately coyneet the brake 
cylinders to a pressure supply and to a ceservotr, 
Other carlicr developers made these flywlcels 
sufficiently massive to mechanically actuate the 
three-way valves to perform the pressure rcgula- 
ting function. 


‘pproach- 
deve lopecs 


These empirically designed systems would limit 
cycle at the natura! frequency of the system. 
The average braking pressure was usually much 
lower than the peak pressure that could have been 
utilized, and stopping distances were substan- 
tially greater than with locked wheels. Occasion- 
ally, the cycling frequency of the adaptive brak- 
ing system watched the natural frequency of the 
wehicle suspension. The resuiting resonant 
oscillations produced disturbing and occasionally 
destructive results. These systems were not 
easily adaptable to the passenger automobile 
because they demanded a continuous supply of hy- 
drauvlic fluid under pressure. In fact, some 
systems required such large amounts of hydraulic 
fluid that supplying the demand was completely 
impractical. 


The first practical anti-shid systers were 
successfully used in aircraft and in ratilroad 
trains because accomplishing a reduced stopping 
distance was not one of the primary objectives 
in adopting these systems. In both cases, the 
principal objective was prevention of damage to 
the running gear. With the automobile, however, 
it is considered essential that the elimination 
of tire slipping be accompanied by some decrease 
in stopping distance. The System which 
modern technology has evolved requires sensing 
when negative acceleration of the wheel 
the natural limit, lowering braking pressure at 
a@ controlled rate until the wheel acquires posi 
tive acceleration, permitting the wheel to accel 
erate until 1¢ approaches synchronous speed, and 
then applying increasing pressure at a controlled 
rate to re-establish the control cycle. 


successful 


exceeds 


This system forces the wheel to oscillate back 
and forth across the peak of the u-slip curve so 
that i¢ is always operating very close to maximum 
braking effectiveness. The cyclic frequency te 
controlled within limits outside of the 
cies of vehicle suspensions. 


frequen 


Wheel velocity is sensed by a simple pulse 


Renerator, shown in Fig. 6 and 7, which produces 


current pulses at frequenctes proportional ta 
wheel velocity. This vartuble frequency to firat 
converted into an unalog of velocity fe then 


differentiated fur acevleration This {9 a very 
effective deceleration meanurtorg nwystem because 
of the low mans of the elements and the high ate 


Bal estrenpth which In obtuined at 


low apevda. 
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Wheel Velocity Pulse Generator. 
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7 - Wheel Veloctty Pulse Generator 
installat‘on. 


Fig. 


applied to 4 vehicle 
ement hydraulic 
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brake system, braking pressure 
d displacement nodulator, 
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ppen and 
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The confipuratio ident{- 
{fed an C-2 All four wheela are provided vith 
nensere, The rear wiwe! brak- 

pressure ‘o both trar wheels an a welect-low 
The front wheel sensors control the 
to both front brates on efther @ eclect- 
sclect-lhigh basin. If a select-high bLawis 

one of the front whecla may lock up, 
System produces excellent Stopping distances 


directional Stability, and a useful amount of 
stvering is retained, 


A ahown tn Pig. hl te 


Sennore contro) the 


iny 
vauina 
preasure 
' low or 
ie uned 
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and 


control 


VACUUM HYDRAULIC ’ 
ALLE GY ALLE CONTAGL 
€-2 


Menoes oo 


11 C-2 Two-Axl matrol Adaptive 


Braking System. 


. 

The configuration shown in Fig. 12 is identi- 
fied as C-3. All four wheels have 
t® one pressure modulator for the 
trolled by the rear wheel sens 
low bas There 
the front 


sensors There 


rear axle con- 
Ors on a select- 
are two pressure modulators for 
each controliing one of the 
trone cordance with its own sensor. 
This is nearly an Optimum system, 
improvement in st 
ing directional 
trol 


wheels, 
wheels in ac 


giving maxteus 
pping distances while maintela- 
Staotlity and full steering con- 

Average performance of two vehicles 


equipped with C-3 configuration anti-skid systems 
ie showa in Fig. 13. 
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Fig 12 C-3 Reavy Axle, Individual Front 
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Fig. 13 - C-3 System Performance, 


The configuration shown 


in Fig. 14 ts tdenet 
fied as C-4 It sh +s promise of providing maxi 
mus benefits at minimum cost Only the front 
wheels are provided with sensors which control « 
modulator (Fig. 15) that, in turn, varies the 


braking pressure to ali four wheel- The pressure 


c- 
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Fig. 16 - Load Sensing Proportioning Valve. 
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Fin. 10 shows a C-3 configuration vbteh tn com- 
pletely hydrawlleatly actuated. Intetak beak jig, 
energization fa prow ded through a hydeaulte 
booster powered by ve eutput of the power atecr- 
ing, pump. The theres 
Jatorn are tncorperaced In a stuple houstup and 
Opernted by fiuld from the power nite ering pimp 
Which in xtored under preasure by operation of an 
eccumulatur charging, valve, 


Menlacement preanure modu- 


Fig. 19 shows o C 3 confipuration in a vehicle 
utilizing a full poves Wraking system fn which 
an engine-driven puap provides pressurtecd fJuid 
to an accumulator. Stee this system offers a 
continuous flow of hydraulic fluid throush the 
brake control valve, pressure modulation is pro- 
vided by pairs of solenoid valves acti s directly 
upon the pressurized fluid in the brake cylinders, 
One of these valves—ects to interrupt the supply 
of pressure flutto tile brakes, and the other 
acts to release pressure fluid from the brakes. 
A typical adaptive braking omplificr (black box) 
is shown in Fig. 20. 
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The Chrysler “Sure-Brake”’ - 


The First Production 


Four-Wheel Anti-Skid System 


In 1966 Chrysler became very interested in testing and de- 
veloping production designs of skid control brake systems. 
Research work had been in process since 1957 but not on 
production designs. Now various suppliers were moving for- 
ward in developing such devices and it was obvious that it 
was just a matter of time before a system was sufficiently 
advanced to warrant development on a specific system with 
the objective of installation on a volume production vehicle. 
The potential benefits obtained by such devices were well 
known, the most important being directional stability and 
control during braking. It was recognized that a rear wheel 
system would keep the vehicle travelling in a straight line but 
it would have no steering capabilities. 4. sur-wheel system, 
although having considerable complexity, would have the 
tremendous advantage of retaining steering control. A fur- 
ther potential advantage lay in obtaining shorter stopping 
distances on many surfaces where rolling friction was higher 
than sliding friction. 

Knowing the potential was one thing; how to utilize it 
was another. Some of the alternatives te be considered were 

1. Four-wheel or rear wheel only? 

2. Mechanical inertia or electronic sensocs? 

3. Sense the rear wheel accelerations at the wheels or at 
the drive shaft. If seased at the drive shaft, which end 
would be hest - the speedometer cable pick-up or at the 
differential housing? 

. Should the modulator power source be vacuum, hy 
draulic, electric, or compressed ait? 


ABSTRACT ——————————o _— 


The paper outlines testing, development and operation of 
the first production four-wheel slip ¢ ontrol system for pas- 
senger cars in the United States. The Chrysler Corporation 
calls the system “SURE-BRAKE”, but it is more generally 
known as “anti-skid.” 

The first portion of the paper deals with considerations 
that led Chrysler into the “SURE-BRAKE” system, the phi- 
losophy behind the system and a detailed explanation of its 
operation, The second portion deuls with the development 


T. C. Schater 


Bendix Corporation 


J. W. Douglas 


Chrysler Corporation 


5. If vacuum power was used, could the inevitable large 
pressure reducers or modulators be packaged” 

6. Could a single combination power brake booster and 
modulator be developed to provide satisfactory per- 
formance at an obviously lower cost 

Many of these questions were resolved by testing various 

suppliers’ systems at the Chrysler Proving Grow. ds. It was 
finally decided that the system would be vacuum powered 
with an electronic logic controller and have an electromagnet: 
ic sensor at each wheel, Initially, no decision was made whe- 
ther to develop a rear-wheel or four-wheel system and so par- 
allel programs were carried out for several months 

As experience was gained, it was concluded that to pro 

vide a truly advanced braking system, a four wheel system 
was needed. The rear-wheel-only device, while generally keep 
ing the vehicle travelling straight, had several deficiencies 

1. There was absolutely no steering control with the front 
wheels locked; no matter which way the driver steered, 
the vehicle would continue to travel straight 

_ The vehicle on a crowned or cambered road or under 
heavy crosswind conditions would tend to dritt side 
ways, especially on a low friction surface, where it 
coyld collide with a parked vehicle 

_ Front tires could be easily damaged on higher coeffi 
cient surfaces since they would lock under “panic 
type” braking situations. 

. Stopping distance was generally longer than that ob 
tained by use of a four-wheel system. 


and testing leading to the relcase as an option on the 1971 
Imperial. 

The testing program introduced a new dimension to brake 
enginecring. Before the advent of wheel slip control systems, 
many thousands of brake tests were conducted but were 
always terminated at the point of skid. These tests were also 
conducted mainly on black top of concrete roads. For the 
first time, thousands of stops were made at maximum de 
ecleration on every available surface. The paper lists the re 
sults obtained and attempts to pass on some of the lessons 
learned in handling skidding vehicles 
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5. Under split coefficient conditions the vehicle would 
drift to the higher coefficient side and corrective ac- 
tion was impossible. 

Having examined the problem, it was then possible to fos- 

mulate a few ground rules. These were: 

1. The vehicle must have good steering control and stabil- 
ity under all braking conditions. 

2. Stopping distances must be less than that obtained by 
a skilled driver stopping in the minimum distance with- 
out skidding his tires. 

3. The braking system must be unaffected by the weight 
distribution of the vehicle. 

4, The system must be capable of installation on the nor- 
mal production line as a vehicle option. 

5. The system must be in production for the 1971 Imper- 
ial. 

Given the preceding ground rules, it was evident that: 

1. It had to be a four-wheel system. 

2. The sensing system could be either at each individual 
wheel, or at each front wheel and one rear axle. it was 
finally decided to install one sensor per wheel. 

3. The simplest system that could be deveioped in time 
had to be vacuum powered. Hydraulic power was defi- 
nitely a possibility, but not at this stage. 

The Bendix system offered the greatest potential of attain- 
ing these objectives, A joint test and development program 
was then instituted with The Bendix Corporation to reach 
the production date with an effective, thoroughly tested 
durable system. 

To better understand how these requirements are met, it 
seems appropriate to discuss the basic tire-to-road relation- 
ship. These characteristics are depicted by the Mu slip curve. 


METARGING FORCE 
/\ CHAR ACTERIETIC 


TeAE-TO-ROAD COEF FIDENT - my 


Fig. | — Typical Tire-To- Road coefficient vs. 
wheel slip characteristics 
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Figure 1 shows a typical plot of the retarding force charac- 
teristic and the lateral force characteristic. 

The retarding force of the tire generally exhibits a rather 
sharp rise as wheel slip increases, peaking at some point, and 
then falling off as the wheel approaches a locked condition. 
This does not change appreciably with side slip angle, at least 
in the region most commonly encountered. Typically, then, 
the “SURE-BRAKE” system controls braking so us to stay 
at or near this peak, resulting in maximum retarding force 
and, thereby, reduced stopping distance. The lateral force 
characteristic varies considerably with both wheel slip and 
side slip angle. It also peaks as wheel slip increases, but at a 
lesser value than the retarding force and then diminishes 
rapidly as wheel slip increases, as shown on Figure 1. Since 
maximum retarding force and maximum lateral force cannot 
exist simultaneously the “SUKE-BRAKE” system operates 
in such a manner as to provide maximum lateral force con- 
sistent with maximum retarding force. The lateral force 
characteristic provides vehicle stability in the case of the sear 
wheels and vehicle steerability in the case of the front wheels. 

Figure 2 is intended to clarify the action of the wheel as 
it is cycled back and forth about the peak. The upper line, 
Vy, represents vehicle speed and the two lower lines Sj and 
S> represent the limit of wheel speed as it cycles about the 
peak retarding force. Vw ‘hows the wheel oscillation between 
these limits. 

Stability refers to the resistance to sideways movement or 
spinning of the vehicle, such as that which occurs when the 
rear wheels lock on a side-to-side unbalanced coefficient 
or in a curve. Controllability, to differentiate from stability, 
is primarily a front wheel function and refers to the ability to 
steer the vehicle under maximum braking conditions. 

In order to achieve the previously mentioned objectives, 
the “SURE-BRAKE" system controls cach front wheel indi- 
vidually and the rear wheels as a pair. This results in three 
control channels each consisting of a pressure modulator, 
electronic control circuit and a speed sensor. Figure 3 shows 


Fig, 2 — Inierrelationship between wheel and vehicle velocities 
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Fig. 3 — “SURE—BRAKE” component configuration 


the hardware arrangement, In the case of the rear wheels, it 
is necessary to select which wheel will control that channel. 
A “select low” approach proved to be the most desirable 
scheme for good overall performance. This means that the 
rear wheel approaching the locked wheel condition first con- 
trols the operation of the rear channel. 

Each of the three “SURE-BRAKE” channels sense the 
appropriate wheel spced and use this intelligence as the input 
signal to the logic controller. The logic controller contains 
the program by which the system operates. When it deter- 
mines wheel lock is imminent, signals are sent to the control 
valves on the appropriate modulator. The pressure modulator 
provides the muscle to adjust brake pressure so as to keep 
the wheel at or near peak retarding force. 

The three channels of the “SURE-BRAKE” system oper- 
ate independent of each other. The only interconnection is 
with respect to failsafe. The failsafe system is designed to 
negate function in all three channels if a “SURE-BRAKE” 
failure is detected in any one channel. When failure is detect- 
ed, the brake failure light is illuminated and latched “on” 
until the ignition 1s de-energized. As discussed earlier, only 
those failures that produce reduced braking over that achiev- 
able with a standard brake system are detected and indicated. 


“SURE BRAKE” COMPONENTS 


SPEED SENSOR — The speed sensors are electro-magnetic 
devices which continuously monitor each wheel speed. Due 
to design variances and deflection differences between the 
front and rear brakes, two sensor designs were implemented. 

. The front sensors shown in Figure 4 are a “frictionless” type 
design in that there are no wearing surfaces. The sensor, con- 
sisting of a magnet, coil and toothed pole piece, is encased 
and mounted to the stationary knuckle, The sensor is oppos- 
ed by the tone wheel which is a large toothed wheel fixed to 
the rotating disc and hub assembly of the front brake. All 
tecth in the tone wheel are encapsulated to prevent foreign 
objects from lodging in the voids and causing possible dam- 
age. Tlic gap between the sensor and tone wheel is adjustable 
and set at 020". This urrange:nent yields a minimum output 
of 0.5 volts peak-to-peak at 5 MPI and increases in voltage 
output as speed increases, The sensor output frequency is 
approximately 42 11z./MVPH, which provides sufficient low 
of information to obtain good system control. 


Pu 


Fig. 4 — Frictionless speed sensor 


In the case of the rear sensors, sizable deflections can oc 
cur between the rotating and non-rotating members of the 
rear brake and axle assembly. These large deflections made 
it impractical to use the “frictionless” approach. Therefore, 
a “friction drive” design was implemented as shown in 
Figure S. The rear sensor provides the same voltage and 
frequency characteristics as the front sensor. The rear sensor 
and tone wheel are mounted on a spring loaded bracket, with 
a fixed air gap between the sensor and tone wheel. The tone 
wheel when assembled on th* vehicle rides on the inside dia 


a DRIVE RING 


Fig. 5 — Friction drive specd sensor 
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controller 


meter of the rubber drive ring and can easily absorb run-out 
variances of 0.100", 

The drive ring, being attached to the axle flange, rotates 
as the vehicle wheel turns, resulting in a corresponding rota- 
tion of the tone wheel. The tone wheel has a light knurl on 
the outside diameter to provide positive engagement between 
the tone wheel and drive ring. 


LOGIC CONTROLLER 


The logic controller is the “computing module” or “brains” 


of the “SURE-BRAKE” system. It receives input signals from 
the speed sensors, processes these signals and issues com 
mands to the pressure modulator control valves when wheel 
lock-up is imminent. Figure 6 is a functional block diagram 
for the logic controller and Figure 7 shows the interrelation- 
ship between whecl speed, wheel acceleration and brake pres- 
sure and is included to further clarify system opersiion. Re- 
ferring to these two figures, the operation of the logic con- 
troller will now be explained. The functional diagram shows 


BRAKE SWITCH 


functional block diagram 


the “select low” logic, referred to earlier, which applies to 
the rear axle operation only, The front wheel operati 
utilizes identical logic, except the wheel speed selection cir 
cuitry is not necessary. 

Wheel speed enters the logic controller where it is pro 
cessed and differentiated electronically. When the wheel de 
celeration signal reaches 1.6 “G", the system memorizes 
wheel speed. This memory is maintained for approximately 
140 milli-seconds. If during this time interval the whicel speed 
falls a predetermined amount below this memorized valuc 
when the brake is applied, the command is issued to decay 
or reduce brake pressure. If not, the memorized speed signal 
is cancelled. The percentage change in speed froi the memo- 
rized value required to decay pressure is cither 5% or 15%, 
depending on vehicle deceleration, Below approximately 16 
fi/sec/sec velicle deceleration, the 5% valuc exists, above 16 
fi/sec/sec it is 15%, This adaptive feature was found neces 
sary to obtain good performance under all tire-to-road con 
ditions. 

As brake pressure is reduced, the wheel ceases to deceler 


ate and starts to accelerate. When it reaches a slightly posi- 
tive acccleration value, such as, 0.2 “G", pressure decay is 
discontinued and a low pressure build rate initiated. If the 
wheel acceleration exceeds a value of 2.2 “G”, the system 
Yuilds pressure at a more rapid rate. This fast build rate con- 
tinues until the wheel acceleration falls below the 2.2 “G” 
level at which tine the system reverts to the low pressure 
build rate until the wheel reaches incipient lock, when the 
cycle repeats 


The system incorporates a low speed cutout below § mph. 


This function is required since sensor output becomes un- 
usable at low speeds. 
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Fig. 7 


Interrclationship between wheel velocity, 
acceleration and brake pressure 


PRESSUKE MODULATOR 

The pressure modulator provides the muscle to cycle brake 
pressure upon receipt of signals from the logic contr Fig 
ure 8 is a schematic diagram of the pressure modulator. In the 
normal de-encrgized position, the hydraulte check valve is held 
open by the displacement plunger, allowing brake fluid to 
pass freely from the master cylinder to the wheel cylinders 
This plunger is spring loaded to withstand a minimum pres 
sure of 1450 PSI before retracting duc to fluid press | 
During operation of the vehicle, the modulator 1s evacuted by 
use of engine vacuum. A vacuum check valve is incorporated 
in the vacuum inlet line to the modulator for the purpose of 
maintaining a high vacuum level in the modulator and to pre 
vent gasoline fumes from entering the modulator on engine 
shut down or during acceleration 

During “SURE-BRAKE” operation, the pressure modu 
lator reduces and increases brake pressure through operation 
of the solenoid control valves. As brake pressure increases 
sufficiently to cause incipient wheel lock, the 
energizes both control valves. This causes the normally closed 
air valve to open and the normally open bypass valve to close 
In this condition, atmospheric pressure is admitted to the 
front side of the diaphragm creating a differential 
As this differential pressure increases, it overcomes 
preload and retracts the pneumatic portion of the { 
As the displacement plunger follows, the hydraulic check 
valve closes terminating communication between the master 


spring 


cylinder and the wheel cylinder. Continued movement of the 
displacement plunger creates additional volume in the whieel 
cylinder side of the brake system causing brake pressure to 
decrease. As can be seen in the diagram, the displacement 
plunger is not fixed to the pneumatic piston, thus preventing 
the possibility of developing a negative pressure in the brake 
line which could admit air into the brake system through the 
wheel cylinder seals 

After the brake pressure has been reduced sufficiently to 
allow the wheel to accelerate, the “SURE-BRAKE’ 
reverts to either “low build” or “high build”, depending on 
the magnitude of whcel acceleration. High build ts accom 
plished by de-energizing both valves preventing the entrance 
of air through the air valve and opening a relatively large ont 
fice between the front and back side of the pneumatic piston 
by use of the bypass valve. This causes rapid equalization of 


system 


pressure across the diaphragm, resulting in rapid advancement 
of both the pneumatic and hydraulic pistons duc to the mod 
ulator spring, thereby, increasing brake pressure al a rapid 
rate. If the wheel acceleration is low, the air valve 1s de 
energized and the bypass valve is kept energized. A small bleed 
in the bypass valve short circuits the main orifice allowing 
the differential pressure across the diaphragm to diminish at 
a slow rate, The resulting action builds brake pressure slowly 
The electrical switch on the modulator is part of the fail 
safe function. This switch is normally open when the modu 
lator is in the de-energized position, When closed in the ab 
sence of a brake light signal, this indicates that the modulator 
has crroncously retracted, This switch signal results in deacti 
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vation of the system electronically and the subsequent illumi- 


nation of the brake failure light 


To insure that the modulator receives frequent exercising 
to keep the interface between the displacement plunger and 
the seal lubricated, the system incorporates a “power on 
transient”. This function energ'zes the modulators for approx- 
imately 20 milliseconds every time the engine is started with 
the brakes applied, This time interval is adequate to fulfill 
the intended exercise function with negligible vehicle motion 


on stecp grades 


To prove out the “SURE-BDRAKE” system, extensive test- 
ing was conducted. The following sections review this test 


activity and some of the associated problems. 


VEHICLE TESTING 


Testing soon showed that the American passenger car is 
indeed a very forgiving vehicle and will not turn over undér 
any prwocation, providing it remains on a hanlatsurface, 
Thousands of skid stops up to 80 MPH have been made with 
out tipping a car over although vehicles have often spun through 


as much as 390° 


Onc of the most useful development tools in the carly 


stages was a split coefficient of friction surface consisting of 


Pressure modulator 


a sheet of wetted stainless steel adjacent to a dry concrete road 
This simulates conditions such as driving with two wheels on 
a gravel shoulder or on a patch of ice while the other wheels 
are on a high friction surface. On hitting the brakes hard, the 
difference in tire drag produces a torque on the vehicle pull 
ing it towards the high friction surface such that the vehicle 
turns crossways on the road. This action is extremely rapid 
and one the normal driver cannot correct for with a conven 
tional vehicle 
With “SURE-BRAKE” the vehicle experiences a pull to 
wards the high friction surface, but this pull can be easily cor 
rected and the vehicle can be steered readily in any direction 
Stecring control is one good measure of the usefulness of 

a wheel slip control system but it is not always enough to 
steer out of an accident. The vehicle must stop too and so 
stopping distance tests are conducted on the various surfaces 
at the Chrysice Proving Grounds at different speeds. We com 
pared stopping distances under three conditions 

1, Locked whecl 

2. “SURL-BRAKEL” control 

3. Skilled driver, inirimum stopping 

distance without locking wheels 

Figure 9 gives the average valucs obtained from approxinate 
ly 1,000 stops. From the table, it can be seen that in all cases 
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where we have comparative figures, the “SURE-BRAKE” 
control system provides shorter stopping distances than ob- 
tainable by the skilled driver. 

The skilled driver results reported in this paper were ob- 
tained by “seat of the pants” evaluation with no decelero- 
meter or pressure gauge aids. 

Initially stopping distance was measured by means of a 
gun tiring a chalk pelict onto the pavement upon applying the 
brake pedal. The stopping distance was then measured by a 
tape measure and the distance recorded. This method was 
time consuming, requiring two men, and with the advent of 
cold or wet weather a very unpleasant job. The Chrysler Cor- 
poration Instrument Laboratory built fifth wheels with a 
Nul spec indicator to provide accurate presct initial test 
speed readings. A four digit electronic counter with a “NIXIE” 
tube dispiay is used for reading the stopping distance from 
the instant of the initial movement of the brake pedal to 
rest. This enabled the test to be conducted with one driver 
who could record the results without leaving the car. A fur- 
ther modification made by Brake Engineering was to build 
an air cylinder device which lifted the wheel clear off the 
ground should the vehicle rotate more than 60° while skid- 
ding. This innovation has saved many very expensive fifth 
wheels. 

The biggest problem was the wide variation obtained in 
stopping distance results. To reduce this effect to a minimum, 
it is necessary to run 10 stops with and 10 stops without 
“SURE-BRAKE”™ control, using the average to determine 
the reduction in stopping distance. This variation exists 
equally with locked wheels and “SURE-BRAKE” control 
stops and appears to be due to driver variation in reading the 
vehicle speed indicator, the driver brake application rates, 
and the response in the power brake booster 

To facilitate gathering of data, the distance of each stop is 


Surface 
Condition Locked Wheels 
42.2 Fr. 
159.2 
306.9 
42.7 


xt) 
60 
80 
30 
60 199.8 
80 
30 
60 
45 
45 


Speed 
Dry Concrete 


Wet Concrete 


442.7 

$2.4 
200.6 
314.7 


Grave! 


Wet Jennite 
Washboard Road 93.0 
45 Snow and Ice 255.2 
60 424.5 
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recorded on a punched card along with other information 
such as vehicle weight, tire size, material, tire manufacturer, 
ambient ten:perature, surface and specd. 
is used to compute average stopping distarm ¢ and for deter 
mining subtle changes caused by revisions + 
ponents. 

During «he course of this work, a certain amount of know 
ledge has been acquired >. making hundreds of locked wheel 
stops from speeds of 60 and 80 MPH without accidents or 
problems. Accordingly the following simple rules have 
evolved. 

1. Seat belts to be used at all times and properly tightened 

2. Doors locked. 

3. Once the brake has been applied, it must be fully on 

until the vehicle comes to rest 
Number | and 2 are normal precautions all drivers should 
take. Number 3 is not so obvious and is yet the most impor 
tant. Newton's first law of motion states that every body con 
tinues in its state of uniform motion in a straight line except 
in so far as it may be compelled to change that state by the 
action of some outside force. 

If a vehicle has all four wheels locked, it may start to spin 
due to differences in tire-road friction values across the road 
width. It will still continue to travel along the highway virtu 
ally in a straight line and finally halt, usually on the highway 
and rarely more than a few feet over the shoulder. The 
vehicle tends to drift down the road camber but should it not 
halt before actually running onto a gravel shoulder, the high 
er friction value of the highway will tend to pull it back onto 
the road. As long as the vehicle stops on the flat road, it can- 
not roll over. 

If one examines many accidents in which vehicles have 
halted many yards from the highway or have crossed into on 
coming ianes, it is apparent that in many cases the driver lock 
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“SURE-BRAKE” 
43.3 Ft. 
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306.1 
43.1 
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64.5 
265.0 
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77.4 
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417.3 


Skilled Driver 
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110.3 
260.5 
$21.0 


Fig. 9 — Average Stopping Distance 
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ed up the brakes. Then, upon starting to spin the driver re 
leased the brakes, The effect of releasing the brakes causes 
the vehicle to charge off in the direction it is pointed, pro- 
vided the vehicle has not turned beyond steering limits. Under 
such conditions high inertia forces are placed upon the driver 
which can move him from the vehicle controls unless he is 
suitably restrained 

As micntioned before, with front wheels locked and rear 
wheels revolvi ig, the vehicle will skid in a straight ahead po- 
sition. Should the rcar wheels lock with the front wheels still 
revolving, the vehicle is virtually uncontrollable and requires 
a high degree of skill to keep it within a traffic lane. Frequent- 
ly a stecring maneuver with this condition, especially on wet 
surfaces, is almost certain to sp. the vehicie around 


STOPPING DISTANCE TEST SURFACES 


Ir order to develop the “SURE-BRAKE” system hundreds 
of stops were made by many test cars on a wide var ety of 
surfaces 

DRY CONCRETE 
short distance with a maximum of noise and smoke w’.h the 
wheels locked on dry « 


A vehicle can stop in a comparatively 


ncrete. Six locked wheel stops from 
80 MPii are usually sufficient to wear holes through new 
tires. “SURE-BRAKE” stops can be run continusouly with 
out flat spotting the tires and the vehicle is always under 


steering contr e without wheel slip control may 


spin and halt fa 
The conditi 
tires provide as short a stopping 

WET CONCRETE Th 


important. The stopping 


ection from which it came 


of the tire t 


ead is unimportant. Worn smooth 
t 


jistance as new treads 


ondition of the tread is most 


ces listed relate to new or 
partially worn tires. Bald tires would have greatly increased 
the stopping distance because of lack of drainage allowing a 
wedge of water to form. However, the comparison between 
locked wheel, “SURLE-BRAKE” and skilled driver would have 
The “SURE-BRAKE” stop would still be 


been unchan; 
shox iest 

WASHBOARD BUMPS - Initially, very low rates of de- 
celeration were obtained on washboard bumps. These bumps 
are normally encountered on gravel roads but at the Chrysler 
Proving Grounds a chatter bump stretch made of asphalt on 
the vehicle endurance road was used and provided a constant 
test surface 

The wheel or wheels bouncing upwards tended to lose 
traction with the road and duc to brake torque would tend 
to lock. The sensors send this intelligence to the logic con- 
troller which in turn reduced pressure to that wheel or axle, 
thus lowering the deceleration of the vehicle to a very low 
level, This problem was resolved by modifying the circuitry 
in the logic controller. To prove that the changes tn the logic 


controllar | cted the problem it was necessary to make 


hundreds of stops at maximum deceleration over the wash- 
board surface road. The vehicles were stopped from speeds 
of JOMPIEte COMI 


at cach speed were made. It crys much for the toughness of 


(SMI Lincrements, twenty stops 


the vehicles that they were able to withstand such poundings. 


JENNITE SEALED ROAD - Jennite is an asphalt scaler 
and has the characteristic of producing a very low sliding co 
efficient of friction when wet and a high rolling coefficient 
of friction. This test surface represents conditions encounter 
ed in the summer on some asphalt roads when the surface be 
comes polished and oily during periods of dry weather, then 
the first downpour of rain produces a low friction surface 
until the rain has washed off the slick film. The stopping dis 
tance of the car with “SURE-BRAKE” control is reduced by 
almost half compared with the locked wheel condition. This 
surface is one of the few in which a skilled driver pumping 
the brakes can indeed beat the stopping distance of the loc. 
ed wheel car 

GRAVEL ROADS ~— It was found that the shortest stoy 
ping distance was obtained by hitting the brake hard, locking 
up all four wheels and plowing a deep groove in the road 
During such a stop, there is, of course, no steering control 
but stopping distance 1s short 

There appears to be ro way that a rolling wheel on top of 
gravel can produce as much resistance as one in a snowplow 
ing situation. ihe vast majonty of customers, however, could 
be better served with a sysiem assuring steering control at all 
imcs on gravel and still providing decelerations greater than 
obtained without skidding wheels 

SNOW AND ICE COVERED ROADS 
9) lists average stopping distances and gives a good relative 


The table (Figure 


data between locked wheel stops and “SURE-BRAKE” stop 
ping distance results but the numbers themselves depend too 


much on variables such as depth of snow and temperature. In 


a group of 113 locked wheel stops, it was found that the stop 
ping distance from 30 MPH to rest varied from &2 feet to 213 
feet. It is certain that more tests would provide even wider 
results 

SPLIT COEFFICIENT OF FRICTION SURFACE This 
facility readily duplicates two common situations, In the win 
ter, it is not unusual to find p: tches of ice of snow on an 
otherwise bare dry road. Also many highways have gravel 
shoulders. Should a velucle straddle such surfaces with two 
wheels on one side on a low friction surface and the two others 
on the high friction surface, a locked wheel stop will immedi 
ately rotate the car sometimes through 180°, For such a test, 
it is important that the brake not be released until the vehicle 
has halted; otherwise, the vehicle will charge off wn the gen 
eral direction it happens to be pointed. To reproduce this split 


coefficient of friction surface, a 80 foot long x 3 feet wide 
sheet of stainless stecl was laid down adjacent to a concrete 
road, With the stainicss stcel stip wetted, the friction values 
correspond closely to a shect of ice 

With this facility, the effectiveness of the whecl slip con 
trol system was determined, Tests showed that a vehicle with 
out a wheel slip control system will spin out. Further tests 
revealed that a rear wheel only system will stop virtually ina 
straight line with two or three feet deviation. A four wheel 
slip control system is capable of steering straight ahead or 
indced in any direction including lane changing 

Since a vehicle without un effective wheel slip control 
system will spin out as soon as sufficient hydraulic pressure 


- 
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has been delivered to the brakes, this split coefficient test 
proved to be an excellent screening tool for various systems 
offesed. 


SYSTEM PROBLEMS 


The majority of system problems stemmed from salt and 
water causing a leak path from the 12 volts system to the 
millivolt circuits of the wheel control system. The solution 
was to isolate high voltage connections from low voltage ones 
and, where possible, install all connections in dry areas. 

To resolve the problems, we used an eight channel light 
beam oscillograph to record the events occurring throughout 
the stop. The various readings taken during test stops were 

Master cylinder pressure. 

Brake pressure. 

Sensor output from each wheel, being proportionate to 

speed; this showed the action of each wheel. 

Modulator air valve and bypass valve actuation. 

Internal signals from the logic controller giving the 

acceleration of each wheel. 
By examining these various signals, or absence of such signals, 
it was possible to identify the problem and by making various 
changes, eliminate the trouble. 

In addition, to keep it dry, the logic controller was moved 
fron behind the right headlamp to the trunk. As always, this 
solution, while removing most of the problems, introduced 
several new ones. The sensor leads now having to run to the 
rear were adjacent to 12 volt power supply lead and began to 
pick up induced currents which, in turn, were relayed to the 
logic controller as erroneous signals. This caused the system 
to fire unnecessarily. This problem was finally solved by 
shielding the sensor wires. By this time the system was quite 
reliable but on occasions a wheel would skid for no apparent 
reason. The drivers on the night shift were also finding this 
problem but much more frequently. Due to its random mal- 
functioning, the problem was difficult to isolate and resolve. 

Finally, it was discovered that the problem was accentuated 

by the radio, The night shift drivers had the radio on while 

the engincers trying to discover the failure turned it off to 

give their full attention to the problem. This particular prob- 
lem was finally traced to the electronic voltage regulator 
which was feeding in “hash” to the electrical system which 

in turn caused the air valve to shut off prematurely and allow- 
ed the wheel to go to skid. A change was made to the electron- 
ic circuit which corrected this problem by filtering out these 
random spikes 

The other p. ts of the system were comparatively trouble 
free, although some speed sensor failures were caused earlier 
by leaking bearing scals. This problem was corrected by im- 
proved sealing design, 

The modulators which uo the actual work of reducing or 
modulating the pressure have proved to be trouble free 
whether on test cars cycled frequently or on endurance cars 
and cycled rarcly, Some corrosion was encountered on air 
valve springs and piston but a change to stainless steel for 
these parts corrected that problem, 


STARTING ON STEEP GRADES 


To ensure that the modulators do not deteriorate through 
years of inactivity, the modulators are cycled cach time the 
vehicle is started with the brake pedal depressed. During a 
normal start cycle there is no problem; the duration of the 
cycle is so short with normal brake pressures nothing happens 
However, if one turned off the engine and af plicd the brake 
pedal several times to exhaust the power brake booster, con 
siderable brake psdal pressure is required to generate 350 
400 PSI, the pressure required to just hold the velucle on the 
32% grade. Under these circumstances on restarting the ve 
hicle the modulators cycled in the normal manner and the 
reduction in hydraulic pressure permitted the vehicle to roll 
downhill under the force of gravity until the engine started 
restoring the power brake booster to full effectiveness. The 
problem was corrected by logic controller circuit changes, 
thus cutting down the rollback to a maximum of eight inches 
In comparison, a manual transmission car on stalling rolled 
nineteen inches before the driver could stop it. It must be 
emphasized that with the parking brake applied or with nor 
mal vacuum levels in the power brake booster, no rollback of 
the vehicle takes place. 

In addition to the normal Brake Engineering development 
program at the Chrysler Proving Grounds, endurance testing 
was casried out by other departinents. The normal cycle con 
sisted of driving for 50,000 miles over a wide variety of roads 
from concrete and asphalt to gravel, including washboard 
bumps, widely spaced bumps, smooth concrete, brine satu 
rated gravel, loose stones and a periodic pass through *! 
splash trough. Speeds varied from 40 MPH whil 
bumps to 100 MPH around the high speed oval. At the end 
of the 50,000 mile cycle, the vehicles were stripped down 
and all components carefully examined for wear or damage 


se 


traversing 


TEMPERATURE TESTING 


Most endurance work was done at the Chrysler Michigan 
Proving Grounds but for the past three years vehicles have 
been running at the Chrysler Phoenix Test Station, Arizona, 
where ambient summer temperatures frequently reach | 10°F 

In order to obtain test data at various temperatures and 
altitudes, road trips were conducted both by Bendix and 
Chrysler Corporation. In the middle of winter, trips have 
been made up north to Stephens Point, Wisconsin, and 
Bemidji, Minnesota, where tests were conducted on the air 
port runway which had been wetted down to form ice Dur 
ing the summer months, road trips were made to Death Val 
ley, Nevada, where stopping distance tests were conducted at 
120°F ambient temperature to determine if the high temper 
atures coupled with vibration would show up any problems 
during “SURE-BRAKL”™ stops. 

The rowd trips, while providing the greatest interest, only 
occurred after an extensive test program in the Engineering 
test laboratories where all components were subjected to a 
wide range of temperature and humidity conditions while 
cycling at peak loads. The modulators for example are cycled 
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225,000 times from --20°F to 200°F and special calibration 
tests are run at ~40°¥ and 250°F, 
THE EFFECT OF VACUUM LEVELS ON PERFORMANCE 


The modulators are vacuum powered and as such are de- 
pendent on the level of vacuum gencrated in the engine intake 
manifold. In general, the tendency of vacuum levels wil] be to 
drop during the next few ycars so this has to be considered in 
the size of the units. A further consideration is the effect of 
altitude; the higher one climbs, the lower the vacuum level 
produced by the engine. In Michigan, at approximately 900 
ft. above sea level, vacuum levels of 24" Hg. are readily attain- 
ed but on top of Pikes Peak in Colorado, at 14,110 feet above 
sea level, 12" Hg. is a more usual figure, Tests were made 
descending the Pikes Peak at 20, 30, and 40 MPH in which 
“SURE-BRAKE” stops were made at each 1,000 ft. vertical 
drop level when descending and, apart from a tendency for 
the system to cut out early and lock up the wheels prema- 
turely towards the end of the stops, the systems functioned 
correctly each time Since the road is a gravel road and like 
most mountain roo‘, twists and turns and has steep grades, 
the correct functioning of the systern at 40 MPH became 
very important. 


ELECTRO-MAGNETIC INTERFERENCE (E.M.1.) 


Much work had to be done in the area to ensure that ex- 
ternal sources of energy would not cause failure or unneces- 
sary operation of the system. “SURE-BRAKE” stops were 
made as close as possible to radio and television towers in the 
Detroit area, “The Voice of America” station near Cincinnati 

one of the most powerful in the country — and at the 
National Bureau of Standards at Fort Collins, Colorado, 
where frequencies of 19 Kilohertz to 25 Megahertz are 


Ne t 

This paper ts subject to revision. Statements and opinions 
advanced in papers of dm smon are the suthor's and are 
hit responsibility, mot the Society's, however, the paper has 
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used. No degradation in performance was noted at Detroit or 
Fort Collins but, while passing under the main supply cable 
at the “Voice of America” station, a momentary turning off 
of the system occurred. 

Bendix conducted copius tests in the laboratories to cover 
even wider variations using military specifications as the basis 
for the test. 

CONCLUSION 

The four wheel slip contro m has made its debut on 
a low volume luxurious vehicle but everyone involved in its 
development is confident that eventually a four wheel system 
will be standard equipment on all road vehicles. The perform 
ance advantages of such a system are now well\:nown. Stop 
ping distances are frequently reduced, stability is preserved 
and steering control is retained making it possible for the 
driver to upgrade his performance during those times he is 
driving at the limit of road to tire adhesion. The “SURE 
BRAKE” system will not necessarily help the driver who is 
not mentally alert and unable to react to an adverse situation 
The driver must still steer away from accident situations and 
apply the brake early and hz -d enough to stop 

It is not possible to say what wheel slip control systems 
will be in general use in say ten years time, the field is new 
and many approaches will no doubt be tried and rejected be 
fore arriving at one or two general designs 
ing satisfactory performance without excessiv. size, complex 


ble of provid 


ity, or weight penalties. Combinations of functions may be 
achieved; the modulators could be designed to increase brake 
line pressure as well as reduce it and thus eliminate the 
booster. The wheel sensors could provide information t 
speed control and wheel spin control systems. Otlier uses 
for the sensors could be to provide odor 
eter input signals. 
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_DEPENDANT'S EXUIBIT 656 
Docombor2’ , 196% 


‘Tho Singor Company 

30 Rockefollor Plaza 

Now York, N.Y. 

Gontlomens: % . 

The undersignod, in consideration of your execu- 
tion of an agreement of even date herewith with Perma 
Research and Devolopment Company, a Delaware corporation, 
and for other good and valuable consideration, receipt of 

‘ which is hereby acknowledged, hereby agrees with you as 
follows: 

1. The undersigned shall forthwith assign to you, 
without additional consideration, all of the undersigned's 
U.S. and Canadian rights in inventions, U.S. and Canadian 
patents, U.S. and Canadian patent applications and other U.S, 

ae Canadian rights in improvements of any nature whatsoever 
relating to the Product (as defined in said agreement be- 
tween you and Perma Research and Development Company) for 
the design and manufacture thereof developed by or coming 
into t’. possession of the undersigned during the periou 

of time you are obligated to pay royalties to Perma Research 

ie and Developmont Company pursuant to the aforesaid agreement. 

2. Upon the expiration of the technical service 
‘agrooment between you and Porma Resoarch and Development Con- 


pany, tho undorsignod shall mako himsolf availablo to you, 


at roasonable timos, not intorforing with the’ undorsigned' s 
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‘ othor employmont, for consultation and tochnical assistanco 
in connection with all phases of tho dosign, onginooring, 
manufacture, 4notallation, prototyping and sale of said 
product so long as such royalties are payablo by you. if 
the undorsigned is required to travel at your request to 
provide such technical assistance, you shall pay the ender. 

. signed's cost of transportation, reasonable expenses and 
per diem of $75 for each day th> undersigned is away from 
his home and performing services for you. 

3. The undersigned shall not, directly or in- 
directly, © pete with you in the manufacture or ‘ale of 

any device designed to prevent the wheels of a motor vehicle 

‘from skidding upon application of the brakes thereof or of 
any substitute or equivalent product during the period 
such royalties are payable. Indirectly compete 4ncludes, 
without limiting tne generality of the foregoing, the en- 
tering by tho undersigned into employment with a person, 


firm or ourporation making or 4ntending to make such a 


product, WwW which involves any services by the undersigned in 


ceunection with such a product. 
ast If the foregoing correctly sets forth our under- 
standing, please execute a copy of this lotter in the place 
provided below, at which time this shall become 4 binding 
agreomont betwoon you and the undorsignod. ° 


Very truly yours, 


Ae Porrino 
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AGREEMENT, dated the 2/27 aay of Docomber, 1964, 
by and botwoon THE SINGER COMPANY ("Singor"), & Now Jerscy 
_ corporation, and PERHA RESEARCH & DEVELOPMENT COMPANY 


("Perma"), a Delaware corporation. 


WITNESSETH? 


WHEREAS, Perma has simultaneously herewith con- 
veyed vertain patents and patent applications relating to 
_ the United States and Canadian rights in the "Perma Anti- 
Skid Control" (the “Pproduct") and certain’tools used in 
the manufacture thereof; and 


44 
WHEREAS, — has certain testing facilities 


for the Product ent’ know-how with respect to the manufacture, 


marketing and use of ithe Product, 


NOW, THEREFORE, in consideration of the premises, 
the pasties agree as-follows: : 

‘1, Perma,shall, at the request of Singer, render 
‘technical assistancerto Singer which shall include assist- 
ing; consulting and cooperating with Singer: 

i (a) in the adaptation of the Product for use 
on all makes of ‘automobiles and trucks and all types 
of motor vehicles of every kind and description; 

(b) “in the preparation’ and dosagning of drawing3, 

bluo prints, design shooto, bills of matorial, spoci- 


. 
- 
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fications and the liko from which tho Product and 
4ts various compononts can be manufacturod, and the 
‘preparation of similar documonts and materials from 
which the manufacturing equipment, tools, dies and 
the like can be made for use in manufacturing the 
Product; wn | | 
(c) din the continuing design and engineering 
and improvement of the Product and of the equipment 
for ranufacturing the same and in the setting up and 
’ ‘operation of such equipment, including advice relating 
to the nature .and sequence of manufacturing operation, 
(ad) din the marketing of the Product; and 
(e) in the design and manufacture of prototypes 
of various new,models of the Product for use on various 
models of automobiles, trucks and other motor vehicles. 
2. Perma ,shall send qualified personnel to the 
manufacturing facilities of Singer or such other place as 
. Singer ray designate from time to time at Singer's request 
4n connection withsRerma's obligations under Section l. 
The reasonable travql and living expenses of any such per- 
sonnel shall be paid by Singer. Perma sha)l during the tine 
of this Agreement make the services of Frank A. Perrino 


available in connegtion with its obligation hereunder. 


3. .Perma ,shall train seloctod employoes of 


Singor at the plant and the faoilitios of Porma with ro- 
spoct to all phasog of tho manufeoturo, installation, 


br 
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marketing and use of the Product. 
4, Porma shall install tho poadeck on test cars 
" provided by Singer or Porma and shall porform toots thercon 
at the testing facilities of Perma as reasonably requested by . 
' Singer and shall report to Singer concerning the results of 
+ such tests. . 

5. Singer shell pay Perma $9,800 per month in 
monthly 4nstallments in advance for the services to be per= 
formed by Perma hereunder. 

6. This agreement shall’ commence upon the date 


hereof and shall confinue for a term of six tonths. 


3! . . e . 
IN WITNESS, WHEREOF, the parties Seeks have exe= 


cuted this agreement, as of the date first above written. 


s THE SINGER COMPANY 
We Dnene ae. - 
: By, Z Zz Hyer oe 


Colo HA Kile 


‘ PERMA RESFARCH AND DEVELOPMENT COMPA‘. 


Attest: t af ye , vA - 
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DEFENDANT'S EXHIBIT 670 


Due to its excessive size, by stipulation dated 
August 7, 1975, DX 670 (blueprint of vacuum con- 
tainer DC 17-342066-900X) is in the possession 
of counsel for Defendant. DX 670 will be pro- 


duced for the Court's inspection upon request. 
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DEFENDANT'S EXHIBIT 686 ian ye Preys ot ae at's 
os 2) a a ’ Perma Anti-Skid . 
Detail of Start-up Manufacturing Expenses 


= e. July 1 - December 31, 1964 
Personnel Costs 


Salary 
Charged to Perma 


1 i Mthly. No. of 
i Name Title ; Salary onths Amount 


2610 A. Romel Manager of Engineering 6 
9445 G. Papczun Mechanical Engincer 6 
5494 H. Sharp Mechanical Engineer 6 
3696 F. Gessner Sr. Mechanical Engineer 6 
6426 J. Wagner Sr. Engineer-Automotive 4 
y : Control Systems 

3315 C. Fricke Mechanical Engineer 3 
2454 MM. Sasileo Secretary 6 


Total Salaries 
Fringe Benefits @ 30% 


Installation of Airlines, Work Benches and 
Niscellaneous Equipuent and sks wel of Area 


Unpacking, Inspecting and sanatvieg Initial ia 
Perma Anti-Skid Inventory - 7 re 


’ Training Costs of Assembly Labor Rane: Li r. : _ ah de 


=. oy ce Pe ee LS | =. 


Travel and Living Expenses 


Total Start-up Mfg. Expense 1964 pA Uren ie aie $ 47, 268 
‘ : P 7 ; 
- ty «? ¢ sy 2 
/ f a. ste . 
Pee Le eee 
ee oe bas Se ; 
7, ~ eee Bet #13 : 
' : ; -s ees re ‘ as 
ay _ wis. 6 ‘ a ge. 2% a. y * x 
q tee : Veius 
> \ Gre A A abe En oA Reet GND 
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‘ 
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* Perma Anti-Skid 
Detail of Operating Expenses 
For Year 1965 


Manufacturing Variances 
1. Scrap Value of Defective and Obsolete (Due to Design 
Changes) Component Parts and Materials 


2 2. Repair and Salvage Costs of Defective Components 
3. Direct Labor Ine‘ficiency 


Total Manufacturing Variances 3 $ 52,544 


Physical to Book Unfavorable Adjustment as of 
12/31/65. Attributed Primarily to Short Ship- 
ments by Vendors 


Manufacturing Period Cost 


1. Salaries and Fringe Penefits 


Salary 

Amount 

Period Worked on Perma Charged 

_— Name Title a 1965 To Perma 


. Romel Manager of Eng. 1/1-12/31/65 12 Mos. 
. Papczun Mech. Engineer 1/1-12/31/65 12 Mos. 
. Sharp Mech. Engineer 1/1-12/31/65 12 Mos. 
. Urban Mech. Engineer 1/1-12/31/65 12 Mos. 
. Remias Mech. Engineer 1/1-12/31/65 12 Mos. 
. Gessner Sr. Mech. Engineer 1/1-8/31/65 8 Mos. 
. Wagner Sr. Eng. Auto- 1/1-12/31/65 12 Mos. 
motive Control 
Systems 4 
. Kumor Mech. Engineer 1/1-3/31/65 Mos. 
. Hnojov Q.C. Engineer 2/1/65-10/4/65 
Chaplenko Supervisory Chemist 2/1/65-8/31/65 
. Guiseppi Plastics Engineer 2/1/65-5/31/65 
. Fricke Mech. Engineer 1/1/65-9/30/65 
. Sasileo Secretary 1/1/65-12/31/65 @ 
R. Kloby Dept. Manager 1/1-12/31/65 1 


Total Salaries 
Fringe Benefits @ 29.75% 


Total Salaries and Benefits . "$ 137,764 
2. Charges from Denville, N.J. Laboratory 
3. Technical Services - Perma 5 Mos. @ $9,800. 


4. Occupancy and Utility Expenses 
~ 30,000 Square Feet @ 1.47/ft/yr 


5. Cancellation Costs - American Optical Company 


Total Manufacturing Period Cost paar ear rane Rsk ee ss " 28A ,722 


Allocation of Administrative Cost 0 t's % 26,572 


‘ . ry 3 ‘ . 
Total Operating Expense - 1965 iy ‘ ey Oe fede: $ 382,049 
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' DEFENDANT'S EXUIBIT 697 
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Measurement of Tire Brake Force 


Characteristics as Related to 
‘Wheel Slip (Antilock) 
Controi System Design 


J. L. Harned, L. E. Johnston, and G. Scharpf 


WHEEL SLIP (antilock) control systems must be designed so 
that they can successfully adapt to the wide environment 
that the automobile operates in, One of the major diffi- 
culties that these systems must contend with fs the large 
variations in tire brake force characteristics caused by such 
factors as road surface conscuction and contaminants, tire 
parameters and wead wear, and vehicle speed. At present, 
the amount of quantitative tire brake force versus wheel 
slip data that describe automobile tires operating under fre- 
quently encountered road conditions is limited, The purpose 
_ of this paper fs to fill this void partially by providing tire 
brake force characteristic daca measured over a wide range 
of.road/tire pairings and vehicle spceds. These data should 
be helpful to the automotive engincer in his efforts to refine 
present antilock systems to up-grade their performance and 
to develop new improved antilock systems. 


TIRE CHARACTIMISTICS 


The potential of new brake devices, such as antilock sys 
tems, to improve vehicle braking performance arises from 
the tire #-slip characicristic, One tt slip curve that fs repre- 
sentative of a tise being braked on a high coefficient of 
friction surface {s shown in Fig. 1. Along she ordinate fs 


ABSTRACT. 


Tire brake force characteristic data are presented that 
should be helpful in the design of wheel slip control systems, 
Corretation of these data has been establistied with antl- 
‘lock system performance, + apertmentally micasured pe slip 
curves are given for a lane number of thee /oad paleings. 


Engineering Staff, General Motors Corp. 


TIRE TORQUE AND BRAKE TORQUE 
BRAKE FRICTION COEFFICIENT ~p, 
LATERAL FRICTION COEFICIENT -Py 


100 


tLocKto 
WHEEL 


Free 


ROLLING WHEEL SLIP—PERCENT 


Fig. 1 - Representative tire brake force and lateral force as 
functions of wheel slip 


plotted brake force coefficient, ¥, which fs the ratio of tire 
brake force at the tire-road interface divided by the normal 
load acting on the tire. Wheel slip, ©, is defined as 
u- wWRe 
a 
a 


Q) 


These measurements cover a wide ranye of commercial tire 
types on dry and wet road surfaces and glare fcc, WW ts shown 
how wet road characterbtics are affected by toad Conunie- 
tlon, water cover depth, and tread wear, The measuring 
system wed to obtain these data fs described and varlabillty 
of the experimental measurements 's discussed, 
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whicre: 


ut Vehicle forward velocity, fps 
we Wheel angular velocity, rad/see 
Re © The effective rolling radius (free tolling), ft 


Thus, zero slp represents the free rolling wheel condi- 
tion while 100% slip corresponds to a wheel that is locked 
up and sliding. 

There are three characteristics of the tire which are sig- 
nificant to the antilock control problem. First, the ratio 
of peak brake force coefficient to the locked wheel valuc 
indicates the potential of an antilock system to decrease 
stopping distance relative to that achieved with locked 
s*heels. Conversely, for those tire/road pairings where the 
peak brake force cocfficient occurs at 100% slip, the ratio 
of the brake force coefficient at the knee of the curve to 
the locked whecl value reflects the degree that vehicle stop- 
ping distance may be increased when braking with antilock 
control. 

Secondly, the negative slope immediately following the 
peak in the H-slip curve has an important bearing on the 
efficiency of the antilock system. This relationship can 
be readily demonstrated by considering the operation of an 
antilock system based on the extremal contol principle. 
The brake torque limit cycle trajectory for a simple ex- 
temal control antilock system (1)* is shown in Fig. 1, Brake 
torque slowly increases from D to A. Incipient whee! lockup 
4s signalled when the brake torque reaches A which causes 
the antilock system to release brake torque rapidly. The 
time for brake torque to decrease from A to B {fs dependent 
upon the negative slope and it increases as this slope be- 
comes larger. Increasing the transition time from A to B 
allows the wheel slip swing to become larger, which places 
the intercept point B further down on the b-slip curve, Mean 
brake torque maintained by the antilock control is decreased 
as B moves down the backside of the curve. 

The third important tire characteristic {s that dealing 
with the effect that wheel slip has on tire lateral force capa- 
bility. This interaction directly affects vehicle directional 
control and/or stability during panic braking. The effect 
that wheel slip has on both the cornering stiffness and maxi- 
mum lateral force are important, As shown in Fig. 1, these 
two tire parameters decrease with increasing wheel slip, °* 


_— 


“Numbers in parcntheses designate References at end of 
paper, 
** Lateral force curves ate derived from Ref, 1. 
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Automatic Brake Proportioning Device 


Les Dispositifs de Reglage Automatique du Freinagt 


ABSTRACT 


Among the most interesting devices intro= 
duced in modern passenger car braking systems, 
the so called "Brake Proportioners" have mars 
ked the beginning of a new era which is bound 
to have even more resounding developments than 
enjoyed in the past decade by the disc brakes. 

The usefulness of the devices in question 
is easily demonstrable through a theoretical 
analysis -f the braking problem, analysis which 
permits to establish also what are the require 
ments, features, possibilities and limits of 
the present and future proportioning systems. 

A survey of the numerous devices used or 
proposed so far discloses the variety of trends 
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Automaiische Bremskraftregle 


Giuseppe Pule 
FIAT S.p., 


followed in this particular sectcr of braking 

technique and hivhlights, among other things, 

the extreme simplicity of some devices in re= 

lation to the importance of the functions pers 
formed and iiie remarkable results they permit 

to attain. 

After overcoming the pioneering stage and 
encouraged by the flattering successes obtai-= 
ned, the studies on automatic brake proportio= 
ning are now progressing at fvll pace. The mair 
goal of this second stage should be the finali 
zation of automatic proportioning devices apt 
to control the slippage of the individual 
wheels, with cost, reliabdility and flexibility 
characteristics permitting their general adop-= 
tion on mass production cars, 


208 - » 
a 
\ 
\ 
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BRAKING AND SAFETY. Two words that since the 
beginnings of the motor car have always and 
rightly been considered intimately linked 
together, if not synonims. The low performance 
of carly automobiles, especially with reference 
to maximum speed, and a kind of unconfessed 
fear man felt,when confronted by the magic 
power emanating from the new machines, fully 
justified the identification of the car safety 
problem with that of braking. In fact, it + 
secmed then obvious that the only warranty of 
safety during any emergency should lie in 

thy possibility of stopping the vehicle in 

the shortest possible time. This because & 

Car in motion was in itself sufficient for 

its occupants to be thought of as exposed to 
the threat of impending danger. 

With the technical evolution of the motor 
car the braking problem, above all in relation 
to that of safoty, has not only maintained 
ito initial importance, but has aroused ever~ 
increasing as a consequence of the new,severe 
requirements imposed by modern woad traffic. 
Even if today 1t is no longor possible to 


PAGE 306 


state that motor-vehicle safety depends 
exclusively on the braking system, the latter 
undoubtedly represents one of safety's essential 
factors. 

Preventive safety, as far as the motor 
vehicle is directly concerned,is fundamentally 
based on vehicle “controllability”; namely, 
on that complex of characteristics, devices 
or provisions on which the degree of overall 
efficiency of the means and systems for 
controlling speed and direction of travel 
depends, directly or indirectly. The considerable 
importance of the rdle the braking system plays 
in tho general picture of motor-vchicle safety 
ia then clearly evident.Purthermore,intensifi« 
cetion of research efforts aimed at achieving 
newer and more challenging objectives in braking 
development are more than justified. 

Among tho most interesting devices intros 
duced in tho last few years in the braking 
systema of modern motor-cars, the so called 
“automatic braking control devices" have marked 
the beginning of a new cra,which will perhaps 
bo charactcrized by developments even more 
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sensational than those of the disc brake,in 
the past docade, 
Before illustra.ing the con 


structional 
and functional characteristics of said devices: 
it is desarablo tc make some general theoretical 
considerations on the problem of “braking 
regulation" in order to obtain a better undere 
standing of the requirements, possibilities 
and limitations of the different ~egulation 
systems at present in use and of those that 
will presumably find an application in the 
future. 
BRAKING REGULATION 

A vehicle of weight G, braking at decele 
ration a on a road with slope Awith respect 
to the horizontal (Fig. 1),is considered.With 
no disturbing actions due to the wind and 
neglecting drag, under such conditions the 
vehicle is subjected to the following forces: 
a 


a= 


weight force G, inertia force GU", normal f 
& 
and rear forces N and front and rear 
a 
braking forces F_ and P 
a 


The equilibrium conditions between said 


forces are expressed as follows 3 


N +N «=Gcosa (1) 
» ? 


+ sind ) (2) 


G (3+ sind) h+N1=*#Gc cosa (3) 
eal P 


Indicating by p* the maximum value that the 
wheel-terrain "coefficient of adhesion” can 
assume in relation to the particular characte=# 
ristics of the surfaces in contact, maximum 
“adhesion” values on front and rear wheels are: 


dee pel (4) 


Giuseppe Puleo 


As pee, (5) 


maximum “adhesion” values A® 
a 

licu of braking 

maximum or limit theoree 


acceleration attainable during braking 
up-or downgrade with inclination Q, 
can be expressed as follewss 
at = ¢ ( u* cosa + sind ) (6) 
In the particular case of braking on a 
level road (d= 0) the limit deceleration 


expresgion simply becomes : 


woe pe (7) 


Atter hav limite 
subjected only 


inertia “nc 


betwee: 
with 
decel 
ration corresponcing to the p lar adhesion 
and gradient 


occurred: 


To obtain maximus 


7 , braking forces “ee 


vehicle front and rear wheels therefore 


be adjusted so as to result, in any mon nt , 
exactly equal te the maximum adhesion values 


A*® and A* available: 
a P 


¥ chee pen, (9) 


“* * as - pt N (10) 


In spite of their extreme simplicity, 
these two expressions, that syntheticall; ate 
“he fundamental requirements of motor-vehicle 
ideal binking regulation, represent one of the 
most hard-to-solve problems ever met by automo 
tive engineers. 

A preliminary exarination of the above 
two formulae might lead to think it necersary, 
in order to realize an effective braking regue 
lation system, to resort to devices capable of 
continuously measuring, with sufficient accuracy, 
the actual valueo of adhesion coefficient pb 
and normal load N in the wheel-terrain contact 
area. In addition, the devices should utilize 
said information to modulate braking forces F 
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Automatic Brake Proportioning Device 


maximum braking 


equal to “adhesion” 


values A®. However, in nsideration of the 
state-of-the art, itd 5 not seen likely that a 
syatem base cu an operation principie, 
even if unobdjec from a theorical views 
point, may have any possibility © ang adopted. 
In fact, while measurement of norm wheel 
loads N and regulatior f 
be carried out without any 
or excessive nplicati 3, measurement o7 

cocff 1¢ represent 


adhesion today a 


stacle as it 


lex and 


the installation of such coms 


equipment as ¢t stteriy 


discourage its 


4 
° 
re) 
pa 
] 


experimental 


research. 


complete and final 


for some years has been worry braking system 
experts, these solutions have the great merit 
of being already establisned, or about to 


become a 


bracing engineering anc of having helped to 
make a further important step f rward on th 


difficult way to automobile progress 


To better erstar w it has been pose 
sible to re ze th tro devices in 


justify the 


field 
field, 


a graphic 


representation is given of tions that 


determine “ideal 
vehicle .wont and rear wht 


limit. 


balance 
»m for the particular 
into account 


ple conversion will 


0 / 
A. os d+ rs sind) + sing) (11) 
G a ,a 
‘. we | (= + sindl)| (~ + sind) (12) 


For previo set 1, d, S, 
hand @ , i.e., of weict and wehicle 
center of gravity position, as well asa of road 


Eradient, it is posoible to calculate front and 


rear “adhesion” values corresponding to different 
deceleration & valiuecec. Purthermore, the 6o 

E-12 

——— ss ae eee 3 ates a 


301 
called “idea. braking characteristic" (Fig. 2) 


can be plotted on the chart having a3 a 


ocis9ae 
front braking forces F_ and as ordinateo rear 
a 


Said characteristic 


braking forces ‘7 indicates 


how intensi / of braking forces F_ and FP should 
a P 


vary in relation to 


1ent of adhesion 


to obtain .deal braking, 1.¢. to reach limit 


idition of adhesion on vehicle front and rear 


o 
re] 


wheels at the une time. 


It should be noted that in chart Ae e 


F_) 
Pp 
constant deceleration curves, as evident in (2), 


are straight lines at 45° with 


respect to the 
"ideal 
characteristic” gives, for each point of the 
latter, t! 


two the 


intersection with 


corresponding adhesion coefficient 


value. In fact, it should be remembered that 
in the case of ideal braxing achesion coefficient 
is linked to deceleration by expression (6). 


The 


origin of axes 


ideal characteristic starts from the 


. and F , extends as a parabolic 

r : c 

on axis F at value A = — cosd 
a a n 


determined by condition 


cosa of annulment of the 


term betweer 


brackets 


nsequently 


f rear adhesion A. 4 C it is nothing 
P 
le gitudinal overturn limit, 
i by t abs € f normal loads 
Non rear wh by the beginning of 
P 
Liftang from ground of said wheels. 
It should be noted thet ¢ leration corre 


sponding to the origin 


in the case of braking on leve.s terrain, For 
braking on up-or down-grades 


/B 
ression (~ + sina ) 
g- 


can be obtained makin’ 


in (11) and (12) equal to zero. 
Thus: 


( g sind (vehicle travelling downhill) 
“|. g sind (vehicle travelling uphill) 


(13) 


In the first case, in the above specified 


of no adhesion and therefore with 
‘eceleration takes 


BR =, 


i.e., the vehicle descends with uniformly 


a negative value, 


accolerated motion under the m tion of 


weight force component G sino wh ich is 


tive a 
balanced 
by the force of inertia alone. 

In the second cane 


the vehicle decelerates 


uniformly under the only retarding action of 
the eame component G sin QM in equilibrium with 
the force of 


A practical exa ple will now illustrate 


inertia. 
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a=9.8m/s') 
a= 88 + 
$2 40.%.. 


Fig. 2 - Ideal braking characteristic 


Fig. 3 - Brakirg forces Fy, F,, Fy under idcal braking 


conditions 
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Autamiatic Bruke Proportioning Device 


the proced or reading and interpretirg the 
tic chart. 
nsidered which is 
system capable of 


he force applied to 


ensuring 
brake 
force front and rear wheels exactly in cone 


t of the total braking 


Q- 


formance with the ideal charactcristic curve. 


Assuming that whecl-terrain adhesion coefficient 


is B # 0.5, then maximum attainable decelera= 


tion will be 4, 

corresponding t 

intersecting the ideal characteristic at the 
d by value mM 1% 0.5 of the 


° 


peint indicate 
adhesion coefficient (Fig. 3). 


flaximum decelera 


evtained with total braking force F. = A_ and 
T T 


o 
° 
3 
& 
» 
~~ > 
oO 
a 
~ 
a 


braking ratio A- 


At higher values of braking force F_,front 


and rear wheels lock sim 


rally determines a decay of i1lable adhesion 
and ,therefore,th 


than maximum, 


At lower values of braking force F_,braking 


T 
forces on front and rear wheels are instead 


always lower than respective ava 
values A and A; this is the 
a 


braking and the dece ion of every single 
point of useful len 
teristic, is that 


constant deceleration curve crossing the point 


is associated with the 
in question, 
COEFFICIE!T OF ADHESION 


Any precise definition of both nature and 
properties pertaining to the coefficient of 
adhesion # has .o far been avoided in order 
to attain greater simplicity and clarity in 
the description of the fundamental aspects 
of braking dynamics. 


The "coefficient of friction” between two 


surfaces in contact, sliding on the other, 
is. by definition the ratio between the force 
that the two surfaces transmit to each other 
in the direction of cliding and the load 
acting in the direction normal to the surfaces 
in the contact area, 

As known, said coefficient depends on the 
Mature, condition and aliding velocity of the 
Surfaces in contact. 

Similarly, the “coefficient of adhesion” 


/s : this is in fact the value 


/ 
the constant deceleration curve 


; this gene= 


acceleration values are lower 


a 

" 
nr 
Q 


ideal charac= 


687, 


[DX 


id-tire contact ,i9 defined 


B as related tc 
as the ratio between the force acting on the 
road surface, in the direction of wheel slip, 
and the normal load trancmitted by the wheel 
to the road surface, 

However, owing to the peculiar nature of 


regard 
as endowed with 
ristacs of a 
unless only 


road-tire ratio,it 19 
the coefficient of a 
the same variability 


generic coefficient of 


the case of locked wheel on the ground 
is considered, though still with some reservation 
Actually, also in the case of a wheel completely 


or partially free to turn, i.e., before reaching 


the “locking” condition, e or simultancous 


or transversal 
force from tire to terrain inevitably involves 
sliding of one on the othe consequently, 
corresponding values of adhesion coefficient pA ° 
Extensive experimental research work cone 


last fe» vears, has 


ducted to this end in the 
by now clarified, if not completely at least to 
the influence exercised on the 


’ 


ion @ by the various 


icient of aches 


- The yualitative 


and represent as 
new and interestin 
In the light 


road—tire coeffi 


the following factors : 


- Tire « , name) ize, istruction, 
material, ad pattern and wear nditions, 
inflation p sure and tenperature,. 


= Road characteristics, namely: terrain nature 


aid composition, surface cond: (dry, damp, 


wet, snowy, icy) and temperature. 


= Road- normal load 


n, slip velo» 


p direction as referred to wheel 


i 
advancement theoretical direction. 


Therefore, for given tire and road characte 
ristics and for a given normal load N, the 
adhesion coefficient may be expressed as a 
functicn of two parameters only, namely, slip 
velocity and slip direction, 

In the particular case where, owing to the 
absence of any traneverse wheel loading, the 
direction of slip coincides with wheel advancee 
ment direction, which case conforms to the hypo# 
thesis normally acknowledged in the theoretical 


analysis of the problema connected with braking 
during otraight-ahoad driving, the adhesion 
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coefficient to be considered is termed "longie= 
tudinal" and will be identified by By in order 


not to confuse it with the "transverse" adhesion 
coefficient Bo The forma relating resultant 


adherence cocfficicnt Bp to By and Pe is as 


PR” i ‘¢ rey (4) 


Coetricient p.. 18 thus the sum of the two 


follows: 


vectors Pe and By at 90° with respect to each 


other. 

Instead of the absolute slip velocity it is 
possible to consider separately the two following 
variables: 


= Whee] advancement velocitys V 
- Relative slip s 
V-wrR 
” 


Vv 


where W« Wheel angular velocity, and 


R. » Actual tire wolling radius. 


Graphical representatio: of Py curve in 


relation to 3 (see Fig. 4) emphasises the parti 
cular road-tire surface adnesion characteristics 
within the two extremes of "free-wheel" (20) 
and “locked wheel" (s = 1) conditions and leads 
to some interesting considerations. ; 


To begin with, it may be noted that sO 
means that 4 L* O at all times. i.e. any longi 


tudinal force necessarily involves a measure of 


Relative slip & 


Fig. 4 - Adhesion coefficients py and p 7 versus relative slips 
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slip. Tho longitudinal adhesion coofficient Pu 


increases rapidly after a virtually linear 
fashion for .05 to .1 relative slip. Any further 
increase in 9 involves gradually smaller By 


increments until a maximum value BL is reached. 


This mayimum normally corresponds to a point 
somewhere between .1 and .3 (a value), though 
in some cases it may be reached at much higher 
relative slip values or in tho extreme locked 
wheel condition. Ignoring this last condation, 
after reaching its max valve the coeificient 
of adhesion decreases more or less rapidly as 
8 increases. When s = 1 the adhesion cooffie 
cient becomes Kup or “coefficient of longitu» 


dinal adhesion in lock condition". 


The max value point in ( By s) chart 


delimitates the stability range of a partially 
braked wheel. In fact, while within a O to s*® 
relative slip range the increase in braking 
force applied to the wheel may be compensated 
by a corresponding increase in "adhesion", 
when the latter has reached its max value 

ar “pr N any further increase in braking 


force will inevitably and rapidly lead to wheel 
locking (s = 1). 


* 
Ratio al L 
ALL 


adhesion coefficient and coefficient of longi= 


= $ between max longitudinal 


tudinal adhesion in lock condition, may range 
from 1 to 3 in most cases, the lower values 
being associated with dry or icy road surfaces 
and the higher ratios with wet surfaces. 

The effect of wheel velocity V on the 
longitudinal adhesion characteristic M1) = f (s) 


generally occurring as velocity itself inurers%B, 
takes the form of increasing vp-slope in 
4nitial linear section of the curve and pr: 
ced down-slope in the second section, often 
Be 
followed by an increase in alle © § ratio. 


Pu 


If both longitudinal and transverse 
adhesion characteristics, 1.6. both Ku f (s) 


and Be = f (0) curves, are plottsd in the same 


chart, it is immediately evident «hat, in order 
to obtain satisfactory conditions in terms of 
adhesion in either direction, relative slip «a 
should, if possible, be contained withi~ .1 to 
«3. In this connection it will wo not’. trat 
these values are the same as those previously 
indicated for B L max. 
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Autoniatic Brake Proportioning Device 


In the chart (4), M,) (see Fige5), 4) 
and be values corresponding to the same relative 


slip value s are sufficient to plot the resultant 
edhesion coefficient characteristic Bp er wheel 


adhesion boundary curve, as applicable to the 
ditions in which and were determined. 
conditi ee Fr 


The line co 
point of the 
of the resultant adhesion coefficient Pr ina 


*ecting the chart origin with any 
svove characteristic gives a measure 


direction such as to form angle rf with that of 


the longitudinal adhesion. Curve Bo =f (KY) 


ie within an are of circle termed "friction 
boundary circle” with its centre in the origin 
of the axes and radius equal to the absolute 
max adhesion coefficient. 

Points A and C denoting where adhesion 
boundary curve intersects Fr and A axes 


represent transverse adhesion coefficient in 
free-whe condition and longitudinal 
P op . 


adhesion coefficient in locked-wheel condition 
Fut respectively. Moreover, point B of max 


longitudinal adhesion coefficient (A i Splits the 


curve into two sections AB and BC, the former 
representing stable and the latter unstable 
adiesion conditions, 

Practical use of typical charts,such as 
those which have been dealt with up to now in 
Connection with road-tire adhesion coefficient, 
for the theoretical calculations on vehicle 
braking involves enormous difficulties, owing 
to tho many variables coming into play and in= 
sufficient experimental data, 


Fig. & - Wheel adhesion boundary curve 
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However, a qualitative appreciation of 
adhesion coefficient variability characteristics 
is both indispensable and sufficient to enable 
the motor vehicle braking regulation problem to 
be set-out in a rational manner. 


OBJFXTIVES OF BRAKING REGULATION 


Firstly, it is desirable to focus the main 
objectives which regulation should achieve. 

As mentioned in the opening paragraphs, these 
objectives may be described with one single 
word: safety. In our specific case safety means: 
high effectiveness: (shortest possible stopping 
distance in the various vehicle load and tire 
adhesion conditions), stability (tendency for 
the vehicle to stay on course), steerability 
(possibility on the part of the driver to alter 
the course of the vehicle during braking). 

It is rather difficult to determine any 
order of priority for the above objectives as, 
in absolute terms, all three seem to weigh just 
as heavily from the safety viewpoint. 

A braking system potentially able to ensure 
maximum effectiveness, i.e. able to exploit tire 
adhesion to the full, as well as good directional 
control,woulc in fact be of little use if lack 
of stability in case of emergency should impair 
such desirable qualities or cause accidents 
even more serious than would have resulted fron 
ampact with the obstacle which led to braking 
in the first place. Cn the other hand stability 
and high braking effectiveness alone would not 
be sufficient to ensure successful+braking, 
should the distance between vehicle and obstacle 
be shorter than the minimum stoping distance, 
when a controllec amount of course alteration 
would be required during braking. And, finally, 
good stability and directional control, coupled 
with mediocre braking effectiveness, could not 
be substantially beneficial in those fairly 
frequent cases where stopping distance becomes 
the deciding factor, owing to the impossibility 
of altering course because of road or traffic 
conditions, 

However, looking on things with greater 
objectivity and, above all, trying to decide 
which of the three objectives could be more 
conveniently dropped should one of them have to 
be eliminated, inevitably leads to the following 
order of priority: stability, steerabilit » high 
effectiveness, 


It may perhaps seem rather strange that 
effectiveness takes third placo considering 
the pre-eminent and fundamental rOle inotince 
tively attributed to it in connection with 
vehicle braking. On the other hand it should be 
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remembered that the performance of a non-regue 
lated but correctly balanced ,conventional 
braking system, 4s fitted to current production 
car3z, is such as to allow little room for impro 
vements in terms of stopping distance in the 
most frequent conditions of adhesion. 

Moreover, as may easily be anticipated and 
as will be seen later, attainment of either or 
both of the other two characteristics almost 
invariably involves an 
braking effectiveness. 
consider braking force 
safety requirement for 
control during braking. 

As is usually 
multifarious targets, 


automatic increase in 
Thus, it is logical to 
rezulation mainly as a 
stability and directional 


the case when dealing with 
after the initial stimula 
ting trials striving for a overall solution, 
the braking force regulation problem came to 
be approached more gradually and realistically 
in recent ‘ears by the car engineers concerned. 
The remarkable, if partial, results obtained 
to date are already noticeable on a good and 
constantly increasing proportion of cars. At 
this initial stage, according to the previously 
mentioned order of priority, particular attention 
was given to stability anc, consequently, to 
braking effectiveness. 
On the contrary, 
second stage will 
for a progressive solution of 


the already-implemented 

see brake specialists striving 
the 
control problem, and the fall-out 


directional 
generated in 
two characteri=- 
tiveness) to 


the process will enable the other 
stics (stability and braking effec 


be improved still further. 
RECULATION CRITERIA 


After definin- 
ves,it will 


braking regulation objecti= 
now be seen where and how braking 
force regulation works, on the basis of the 
preliminary theoretical considerations and sub= 
sequent qualitative analysis of road—tire adhe= 
sion coefficient variability characteristics. 
The parameters to be regulated or controle 
led are obviously the braking forces applied 
to the road wheel 


ground. 


surfaces in contact with the 
In this connection it should be noted 
that these forces are not generated only by 
the brake units themselves. Indecd, they are 
the resultant of all retardation forces acting 
on tire periphery, inclusive ef rolling resi = 
stance, resistance due to friction in the tran 
and engine braking torque,sin case of 
live axle wheels. Consequently, 


emission 
owing to the 
origin of these secondary retardation forces, 
braking force regulation can be but partial. 
In the mors typical case of 4 two-acle 


Giuseppe Pulco 


vehicle, the following possibilities emerge, 
in terms of parameters to be requlateds 

- Regulation of total front braking force. 

- Regulation of total rear braking force. 


- Regulation of both front and rear total 
braking force. 


—- Regulation of beth rear braking forces and 
total front braking force. 


- Regulation of both front braking 
total rear braking force. 


forces and 


- Regulation of both front braking forces and 


both rear braking forces. 


Before defining any braking regulation 
procedure it is necessary to throw light on 
the relationship between wheel braking forces 
and the foregoing characteristics (stability, 
steerability and effectiveness). 

Both stability and steerability depend 
on front and rear wheel ability to withstand 
any transverse load generated during braking 
without exceeding the associated limits of 
adhesion. In turn, this ability to withstand 
transverse loading is subject to the applied 
wheel braking 
the resultant 


forces, as clearly evidenced by 
adhesion coefficient character 


Btic Mp which for a certain normal and constant 


load N gives, on a different scale, the limits 


of transverse force T in relation to braking 
force F. More particularly, even when braking 
on a straight road, rear wheel lock can cause@ 
a loss of stability should the vehicle be 
subject to the upsetting effect of a transverse 
force, whereas front wheel .ock prevents any 
course alteration or correction on the part of 
the driver. 

As regards effectiveness, bearing in mind 
the definition 


characteristic 


given in the foregoing and the 

curve ef longitudinal adhesion 

coefficient minimum stopping distances 
1," P & 


can be obtained subject to the possibility of 
controlling wheel braking forces so as to keep 
relative slip values very close on optimum 
adhesion: a condition which, as mentioned, 
usually also mects fundamental stability and 
eteerability requirements. 

In conclusion it may be stated that brakin 


regulation requires: 

~ Rear braking force control for stability and 
effectiveness. 
Front braking force control for steerability 
and effectiveness, 

~ Front and rear braking force control for 
stability, steerability and effectiveness. 


[DX 689, p 306] 


) PAG! 317 “AUTOMATIC REGULATION DEVIC 


) : ae 
a] 


“Automate Broke Proportioning Device 

with hydraulic aubordination of roller position 
¢o rear norial load N, was the first examole 
of ccmi-automatic brake regulator to be fitted 
ao standard equipment on a mass-production car 
(citroUn). 


AUTO!ATIC REGULATION DEVICES 


Gr 
4 


» +, While semi-automatic regulation devices 
are now commonly employed, automatic devices, 
pamoly those suitable for controlling wheel 
alip (and consequently, stability,steerability, 
preking effectiveness and efficiency) without 
any corrective action by the driver, are still 
at the experimental stage, even if some of them 
pave already reached a fairly good level of 
development and wophistication. 

.¢- @he automatic regulator operation princi= 
ple may be illustrated by the characteristic 
chart which gives the adhesion coefficient 
values versus relative slip. 

# In the case of a braked wheel subject to 
conetant normal load N, said chart corresponds 
4n fact to that of available adhesion moment 
mM (Pig. 23). By keeping into account equilibrium 


gxpression (17), it is possible to follow and 
interpret the various stages of regulation 
eycle through the use of this chart. 


. Supposing that braking moment N,sincreasing 
. 
Sees 0 to My hax? is gradually applied to the 


wvheelsuntil slip value Bye approximately at 
the knee of characteristic curve Moe is reached, 


& moderate increase in wheel angular deceleration 
will occur, since any variation in braking 


Fig. 23 - Operation cycle of automatic regulation devices 
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moment M_ is accompanied by an almost equivalent 


f 
variation in adhesion moment KM in the eame ‘say. 


Mm the contrary, after point 1 has been 
passed,any further increase in Me immediately 


causes wheel instability conditions. These 
are characteristized by an abrupt increase in 
whee] angular deceleration as a consequence of 
the greatly diverging braking moment up-slope 
and adhesion moment down-slope characteristics. 
Whee) lock would therefore occur rapidly 
and inevitably were it not for automatic regu= 
lator cut-in at point 2 which causes a timely 
reduction of the braking moment at value Kao 


Consequently, in a very short time wheel 
deceleration passes from maximum value of point 
2 to sero value of point 3}. Starting from this 
point the wheel is subjected to an acceleration 
velue that increases up to point § and ti.en decre 
ases and becomes nil in point 6. 

Section 6-7 is still in a deceleration 
phase; at point 7 the regulator cuts-in to 
return the braking moment gradually to ad MAX" 


Thus the cycle is repeated throughout the 
brake application time with a frequency depending 
on regulator characteristics and provided a 
constant effort is maintained on brake control. 

The width of relative slip band in which 
the regulation cycle ocours must be as narrow 
as possible, as it is on this width “that the 
average adhesion value used depends, 

For an ideal regulation the above band 
should also be normally centered with respect 
to the value of relative slip s* corresponding 
to maximum longitudinal adhesion. 

Purthermore, it should be possible to 
automatically tune to different values depending 
on instantaneous stability and steerability 
requirements. Performance of the above cycle, 
relevant to the regulation of a single wheel, 
de made possible in practice by the use of the 
following basic equipment: & sensor, & control 
pnit, an actuator and,possibly,a pewer unit. 

The first picks up the quantities chosen 
as subordination paranetcrs, the second inter 
prets the information cent by the sensor and 
transmits the signals to establish the begin« 
ning of the different stages of the cycle, 
the third perforrs the operations required 
and, finally, tho fcurth provides the power 
that might be needed for said operationo. 

Going back to what has previously been 
gaid on the various degreeo of reculation, 
it is olear that, for a two-axle vehicle, 
the moot complete rogulation © oyotem must 
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{ncorporate at least four sensors and four 
neparate control and actuation units or, in 
ether words, an indipendent regulation device 
for each single wheel (Fig. 24). Aside from 
any eccncmic consideration, such a syston 
would not be free from trouble, above ali if 
the regulation devices could not enable ths 
braking force to be adapted tc the transient 
transversal adhesion requirements of each 
wheel. Braking on terrain with considerably 
uneven adhesion characteristics could in fact 
cause dangerous skidding or require a prompt 
corrective action by the driver on the steering 
control, as a consequence of the great diffe= 
rence betweon the braking forces acting on 
both sides of the venicle. For said reason, 
4n addition to constructional simplicity and 
lower cost, solutions providing a lower regu= 
lation degree (C, D, E, F) could therefore be 
preferable. In this case, the feasible variants 
are those illustrated in diag ws I to Vil 
(Pig. 24), where the control unit of one o> 
both axles (i.e. two or four wheels) compares 
the signals from the relevent sensors and 
selects those of the lower adhesion wheel 
(select low system) or higher adhesion wheel 
(select high system) for the conversion into 
si. dis to be sent to the actuation unit. 


V.Requisthen € 


9 Wheel cylader 
O . tensor 


Conical wat 


A Pressure beotier 


Fig. 24+ Diagrams of brake systems with automatic contros « 
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In the different solutions so far invoott 
gated the basic equipent ins of tho following 
type : 


= Sensor: mechanical (generally inertia type) 
or electromamnectic (pulse generator or 
tacho-gencrator). 

~ Control unit: mechanical, electric hydraulic 
or pneumatic. 

~- Actuator: hydraulic, pa atic, air-hydraulic 
or slectropneumatic. 

~ Power unit (if povided): hydraulic (mechas 
nical or electric control) or pneumatic 
(generally vacuum type). 


As to actual braking effectiveness, the tests 
conducted with automatic regulators have shown 
that, depending on vehicle initial speod and 
degree of regulation of the device adopted, 
it is possible to obtain approximate reductions 
in stopping distance between 5 and 50% on low 
adhesion coefficient terrains, and between 3 
and 15% on high adhesion coefficient terrains. 
A short review will now illustrate some 
_of the most interesting systems among the many 
proposed r‘nce the beginning of research and 
testing in the field of automatic motor--vehicle 
bvraking regulation. 


1 [etal 


1V. Requiation 0 


oon rasa 


M.Reguistion 0 


Vil. Requistion r 


Vv Pressure reducer i 


viu. Requiation & 
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CHAPTER 12 


SAFETY FEATURES 


As the illustration below indicates, all 1973 Ford Motor and controls, head restraints and shoulder belts increase 
Company cars produced ia North America for sale in the protection for both the driver and passengers in the event 
United States include a broad range of safety features. of an impact. 
Although the autornobile pictured is a 1973 Mercury, 
the Lifeguard Design Safety Features listed are standard 
equipment on cvery Ford, Mercury or Lincoln model 
produced in North America and sold in the U.S. 
Items like interior padding, safety-designed knobs 


24 a s¥ 


In addition, 1973 models offer improved impact 
absorbing laminated safety glass windshields, stecl 
guard rails in side doors, improved front and rea1 bump 
ers and a positive reminder warning light and buzzer 
for front outboard seat belts, 


 enERenenenemenneeenney eee 
1973 FORD MOTOR COMPANY LIFEGUARD DESIGN SAFETY FEATURES 


PPR? OP OP erry 
SE SNE = oe 
Sp Le oe ane nna 


1. Windshieh! washers 11 


- Positive reminder warning light 23. Turn 
2.'T'wo-specd or variable speed 


indicators with 
and buzzer for front outboard 


lanc- 


windshield wipers 
3. Safely plove-box 
cars equipped with plove-boxes) 
4. Improved impact absorbing lam- 


inated rafety plo windshield 


latch (on all 


seat belts. 


-Safety-designed coat hooks 


(except convertibles), 


. Energy-absorbing front seat 


back tops with padding, 


» Uniform trausmi 


changing sicnal feature 


- Bnergy-absorbing stecring col 


umn und steering wheel 
ion shift quad 
rant (on all cars equipped with 
automatic transmissions) 


. 4 by ie t odomete 

6. Glare reduced instrament panel 14 I vek-up lights 26. Non fewcprerts © moter 
1 15. Side markee luthts 27. Safety-desimed radio control 
padding, wondstuetd wiper arms, a . 
16. Dual Hydrauhe Brake System knobs and push buttons (an all 

stccring, wheel hub, rearview 
with warning biychet cars equipped with radios) 
mirror anc oy fror mounting, and aon " . 
: 17. Corrosion resistant brake lines 28. Energy absorbing instrument 
windstield pillars 

6.E ‘ j a 1 18. Double-yoke safety door litches panel with padding for center 

’ re dy 43 hat fe har fs sisi and safety hinges and outhourd pasconger 
Batehy-destined stave hemiles 19. Self-lockingy: front seat backs on 29, Safety rim wheels and load-rated 

Ttnside yreld-away rearview two-duur velucles tires. 
nurroe 20. Steel puaed rails in side doors 30. Safety de ijn Croat end structure 
B. Mead restrainta or hih back 21. bront oat roar hip belts with S31. Diavard warning Mastin 
beats for front outboard ovcu mint buckles for all satiny, posi- $2. Parking lamps coupled with 
pants, tions and retractors for front and headlamps 

9. Padded sun visors, rear oulboord occupants 33, Improved front and ree) bumpers 
10. Shoulder belts for front outhourd 22. Outside rearview nurcor, driver's D4. Locking: eteering: column with 


Occupants (except convertibles) 


sean 


sido, 
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FORD INNOVATIONS IN SAFETY 
Ford Motor Company has contributed many innova 
tions to vehicle safety, both in theoretical concepts 
and in the practical application of research to safer 
designs. The improvements were being introduced 
as far back as 1927 when Ford was the first in the 


industry to inst standard equipment, laminated 


safely f¢ 
also introduced 
first optional * 

That “package” 


installed 


windshields of automobiles. Ford 
i in the 1930's and the 
* in 1956. 


eat belts, energy-absorbing padded instru 
ment pancls and sun visors, a “deep-dish" energy- 
absorbing steering wheel, and special door latches. 
Major improvements have been made in all of these 
areas since that time. 

New designs incorporated since 1968 include the 


energy-absorbing steering column, controlled-crush 


front ends, flush exterior door handles, warning buz- 
zers, shoulder belts, and improvements in instrument- 
panel controls, defrosters, brakes, lights, aati-theft 
devices and other items. 


“Sure-Track.”’ An Innovation In Brakiag 


Ford Motor Company pioneered the first United 


States passenger car application of a skid-resistant 
braking system in 1968. Trade-named ‘‘Sure-Track,” 
it cor tsofa tem of sensors, valves, actuator, and 


an electronic control module all working together to 
inhibit brake lock-up on wet surfaces, thereby helping 
to prevent skidding and loss of control of the vehicle. 
In effect, “Su 


k"”” pumps the brakes far more 


rapidly thana dri could; it releases the brakes just 
before lock-up would occur and then re-applies them 


The control module consists of 160 solid-state compo- 


A BETTER IDEA FOR SAFETY: “ 


All 1973 Ford Motor Company cars (except 
convertible models) feature this Be. ‘er Idea 
safety belt system, “Uni-Lock,” for both the 
driver and outboard front-seat passenger. 
With “Uni-Lock,” the lap belt and the 
shoulder belt can be connected, adjusted 
and then left locked tozether so that both 
belts will buckle as a single unit for the same 
person cach time, yet will retract whea not 
in use, 


bf of 3Y 


nents mounted on a rinted cirewit board inside a 
plastic container and filled with a rubber-like pad 
ding comy nd. Phe compor is include transistors, 
diodes, capacitors and resistor Located near the 
glove box of the vehicle, t ystem self-adapts for 


changes in road surface fr ind it works through 
just about maximum speed down to Approximately 


five miles per hour. 


Tot Guard: 

An Important Contribution To Child Safety 
In 1957 Ford became the first auto manufacturer to 
offer a child restraint device in the form of a small 
vest attached to seat belts. In 1965 the Astro-guard 
child safety seat was marketed. For improved safety 
while riding, Ford announced development of the 


Tot-Guard Child Safety Seat in 1967. This unit spans 


radling it for better protechion in 
t-Guard has been commended by 
experts as the best on the market 


hing up to 50 pounds. 


WHY “BUCKLE UP"’? 


Mr. Douglas Toms, former Administrator of the 


National E] vay Traffic Sa Administration, has 
stated that knows ¢ 10 Instance in which anyone 
wearing both lap and si vulder belts has been killed in 
an accident at sper if » 50 miles per hour while 


driving a car manufactured since 1958. In a recent 
| 
| 


j “OF 


study of 160 accident cases, in which 6075 of the 


vehicles had heavy damage of the type often associated 
999 of the lap-shoulder belt 
users had no injury or only 


with occupant injury, 
minor injury, 


These statistics, along with many others, point to 
the importance of seat and shoulder belts in prevent- 


MAKES SAFETY BELTS EASIER TO USE 
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Simulation of Perma Anti-Skid Device 


Threshold .92g 
Pressucc Switch Setting: 

in footpounds 

in psi (approximately) 
Gear Ratio 18:1 


». Surface Cocfficient With Without 
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ENGINEERING APPRAISAL OF "PERMA" ANTI-SHID DEVICE 


2. ° . 
As you requested on April 2, 1964, we have made a cursory ‘+s.; 

vg, Teview of the adequacy, utility, and reliability of the © |}. 
-' subject device. Since we have not had the opportunity to’ 

ite test a unit in actual use on a car, or.under controlled = 
wwe S conditions ia a laboratory, we can only furnish an engi= ..%, 
yy? | neering opinion. It is our understanding that this in- ae 
“nati westigation was deexed advisable as a result of a recent “ <+ 
tiv" Service failure in Detroit and because of, the ranifications 
Lives, Of a proposed advertising campaign. 


The prevention of skidding, with att 
control, is certainly a worthwhile o 
however, can result from several cir 
Only one involves "panic" braking.%. 


wor an article from the March, 196), edit: vs 
iy. Magazine cescrives. mere fully some of., ; 

“ “on causes of skids. : ve iB yst 
at | ; ms pia 
~" * In addition to bray , skidding can also be caused by POSE dies 

excessive speed, dangerous read conditions, and excessive . ‘ 
s's acceleration. Since the "Perma" anti-szid System is only, *» $ 
.. | BfLective on skids associated with braking, it seers to 1 he ne” 
. Us that it would be necessary to clearly infora the customer, ': iy 
- ' of this linitation to avoid lulling nim into a false sense dpe es 
"1." Of security that could make hin dangerously vulnerable to ¢ : 
'; Skids resulting fron non-braking situations. o5 


‘ so) ee © : 
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Based on pub 


lished information and the experience of people 
\s , OL your ewan Departneat, there is no doudt about the efrcctive- : 
Bhat ness or i-skid- cevice in controlling drazing skids., - 
Fl ' 36 should * ci roc, however, thas the unit is net in ; 
Ny tenced to shorten stopring distance, but only %o provide’ : : ‘ 
‘ Gvcering control curing hard b No eS FETE eee, a% aw , 
. ® . i 4 ba . “ j 
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i , te 

-° April 9, 1964 

+E. Te Darden 
O Pose ome 8 ns : ; : ‘ ga . ie : 
‘This limited evaluation is based on the technical literature 
-** furnished, a visual examination of the unit, and a telephone + 

* conversation with Frank [errino, the inventor. eee 


: It appears that the design chango made is a result of the ; 
Detroit incident will be effective in preventing this. kind of 
. failure. There are, however, a number of other types of possi-. 
ye ble failures that could.occur. ~ -: Nice at as 


‘Please xeep in mind that we are not predicting these failures .”.. 
* or attempting to define the probability, since this cannot DG... 
.>* done witnout adequate test data. ‘ : 


ae  piah . <C ga 
‘“““"Inherently, the vasic design concept is not fail-safe since .:. 
‘cy experience, as well as logic, shows that failure of the anti- ~: 
s. skid device can result in the total loss of braking. Some - +i 
‘of the types of possiole failure that could result in loss 
:“of braking ares . pr hpaen Se Tel eae 52a + 


. 


**% 4 : y * ee © 
A ‘<¢ ‘ ey ra 
‘3 > a ‘ 


.- Plugging of air filter No. 65 could result in the in- : 
‘ability of the unit to cycle with part‘al or total loss yy 
‘COL braking. P ay. pak a a, 


. . = 


, . : + ape ei 
Failure of the solenoid spring No. 46 could prevent .Ctiece ue Ja! 
- the unit froma cycling with resultant loss of braking. “%e tot. 


‘ 
a ° q 2 VF 4055502 : 
.- Displacement of the governor spring No. 47 into the” / 
““¢learance between the-ends of the governor snaft and.°* 
".Y shaft No. 48 could result in loss of braking. 


° - - 


Welding of the contacts of pressure switch No. 38 
»could result in the inability of the unit to cycle 
wy with loss of braking. - ara : . 


: 
whe é ate 


t 


2 


AF ss hy : * a % i = - : 
7. *° §,+* Failure of the pressure spring No. 41 could 
at similarly result in loss . iar ota 


oe 


: 
; 
. 


‘6. ‘Failure of the accuzulator piston seals could risult in (fiw 
‘loss of hydraulic fluid and vraking failure., 00h cere te 


re switch piston No. 39 while On) 

the swit "closed" position could also < 
result in failure to cycle with loss of braking. 

+ es Sy e S % ; ti.<¢ na ok eens 

In additior to these fz : there are four £9 

‘ ponent design catezories 3 

“normally bo the focus of 

HSV oka deb cbny Wee RGN ree ttee. oe 


nsideraolo cnount of testing... 
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“April 9, 196), rv 
E. T. Darden 


“Thess ares, 


o pees e oe 


4 
, ‘ . 
"2.'. Gears and shafts“ This sarcinally-lubricated drive train 

iggy particui arly susceptjJole ta failure under tiie conditions 


: of operation. The governor shaft rotates at approximately |... 
23000 rpis at 25 mph and at nearly 15,0CO rp at 75 mph _ eel, ig 
, (these figures were ootaincd froia Perrino). <3 i : 
Switches - Switches operating, in dircct current circuits pe 

: such as these can be a source of trouble. .~ te + 6. ghee ec? 


we meee Oe deme ed of. # AN ie ¥ ia 
| ee te a 
tos ot. 's “te 6% 2 : 
= : re i 
“6 he, Ae OP aes pan 
ry - , . ; . 


oe The solenoid coil should be tested to dcternine 
SOARENEDS EY and Dat 


he Plugced fluid p2ssaces - ‘In addition to the air filter. 
mentioned before, plugcing ‘could occur in the hydraulic 


a ime Hee 


. systca in the check valve and pressure switch wnich are | 9:,.°.-% 
3 > * dntroduced into the hydraulic orake line, : etd ae 
ves . eu hnens . : ener eta 
Our over-cll impression is that the device represents an in- eter 
“S genious design, ee S been carefully. developed, and is undoubtedly. ~: J: 
i. effective in shasoetl ine braking skids; but complexity and 2570 oe ee 
3 multiplicity of components make it vulnerable to sudden service ioe 
{ failures with possiole — trous conseguences. I would like... ..“‘ oe 


to point out egain trat the probability of failure cannot be 
* predicted without adequate. tests. 


4 ,: r ; : - ‘ P A kb 
: . Mr. Perrino has apparently made a considerable number of tests 7 ee 
2 mir." of the anti-skid unit, out certain important tests still need A Danvtia¥? 
‘ 7% ° ~~ pangs et ee —,°: s 
‘. to be made. ple, Cyclic functional scquencing ceses | Seuse-6 

Ps 5 Co ceverAmme bc nd component reliability have not ‘| perk Te 
‘e heen alee: ji lL Gevice like this where danger to, {.t2.t: it: 
if 2 lite is invol ity should ce estadlisned in the re baat tec 
. laboratory r service. In view of this, I would:.'* °,'5. .> 
ig like to suss ke a more thorouga investigation, 8 ' sti) 

‘ © dnclucing te inecring Test Center, bvore the : %, ints 

ay «proposed adv leased. -. sag tes Lak dep eee ke: © 

# : igeais ge bye os ear SS Baht A ¥, 
: “fs : P 4A * a. m ‘ 
: ye as ; Please advise if you 1 assets like us to prepare an est 

3 ar ate this comprehensive cngiace ing evaluations. a 
: ¢ ofl 7 
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° or W, Wigetshy, Fastern Editor 


A simplified antiskid device uses engine vac 
yum te cuntrol a variable sccumulator for re- 
lense of braking pressure in event of wheel 
lockhewp. The redesigned unit, quickly installed, 
on cars with or without power brakes, is 2 self. 
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contained accessory that modulates brake-line 
pressure to a point just below the skid- 
producing pressure. 

The original unit (Disian News, April 13, 
1960) provided combined automatic braking 


Aemaaghahs proves ond cores have 


* 
<° : 
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and skid contro! throvzh the accelerator pecs. 
A Jater design was built around a power braie. 
Engine vacuum in both cases modulated Srsk¢ 
pressure as reguinted by a rotary vaive. The 
latter effected release of sid pressure through 
@ governor that responded to wheel ioca-up. 
A safety valve allowed braze Ruid to bypass the 
power brake and provide adequate pressure 


. in event of engine faiture or stall. In addition, 


damping was provided for the driver who 
wanted to avuid the sensitive feeling of the 
power brakes. 


The redesizm is independent of a specific - 


braking arrang:ment and functions as an 
easily instilled accessory. The antissid unit is 
the same, except that now it sitnply regulaces 
A separate variable accumulator, only in event 
of a skid condition. Engine vacuum retesses 
the brake-line pressure to just below the skid 
level when a wheel loca-up concitiun occurs 
Vacuum is fed to the release side of the aceue 
mulator through the rotation of the ratury 
valve in the antiskid unit. At the same time, 
closing of a valve in the hydraulic section of 
the accumulator prevents overriding of the 
antiskid system: by the driver. 

There is no chanze in the “feel” of the 


» brake pedal after the unit is insuited. Also, 


since the device does not rely on vacuum for 
braking power, there is no need fur the safety 
valve and associated lines and fittings. 

The redesigned antissid control is a procuct 
of Perma Research and Development Co., 
North Aulcboro, Mass. 
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After viewing all available copies of the preced- 
ing page, counsel for Appellant believes that said page reads 
as: follows: 


Messrs. B. Boriss 


C.W. Brecker 
R.H.,. Zimann 


cc: 
B.C. Person 
Pebruary 15, 1966 


VIS{f? TO KELSEY-HAYES 


Mr. A. Rome] 


The purpose of this memorandum is to pass along some of the 
highlights of the discussion Mr. Romel and I had with Kelsey- 


Hayes during our visit of February 3. 


The summary and conclusion of their test of the Perma Anti- 
Skid unit is included as Exhibit III in the material we pre- 
sented to Mr. Kircher, of which each of you should have a 


copy. 
Their highlights are as follows: 
Re 


Our conversation confirmed the design criteria we 


have been using for minimum pressures - 1,000 P.S. 


ae 
brakes. 


Their engineer indicated that the minimum 
should be increased at least 200 P.S.I. 


for disc 


(From his experience, Mr. Romel believes 


the minimum would have to be increased further.) 


Kelsey-Hayes engineers indicated they felt vacuum 


was not a good source of power for an anti-skid 

device because it limits the cycles per second. 

From experimental work that they have done, they 
indicated the following practical cycle rates: 


Vacuum - about 5 cycles per second 


Compressed Air - about 25 cycles per second 


Hydraulic Pressure - about 300-400 cycles 
per second 
While they had not instrumented the car, they esti- 
mated the anti-skid unit was cycling somewhere be- 
tween 3-5 cycles per second, which is too slow; a 
frequency of 10 cycles per second would be more 


successful. 


second. 


The optimum stopping rate is 27' per second, per 
Some cars equipped with Kelsey-Hayes 


brakes ace already approaching this optimum, 


Kelsey-Hayes believes the cost target for an anti- 


skid unit woult be $30-$40 at the retail ‘evel, which 


means $0-$10 factory cost. 
Original signed by 


B.C.Person 
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To: 
From: 


S"bject: 


Object: 


Summary: 


After viewing all available copies of the preceding page, 
councel for Appellant believes that said page reads as follows: 


*February 3, 1966 


M. Meyer 
(P?) icvery?) 


Evaluation of the Perma Anti-Skid System 


The object of this evaluation was to determine whether 
the Perma Anti-Skid System or any of the major components 
are of value to the Kelsey-Hayes Brake Control System 
Program. 


A Perma Anti-Skid System was (loaned?) to the Kelsey-~- 
Hayes Company for evaluation. The System was installed 
on the 1965 Chevelle exactly as recommended by Singer 
except that the intake manifold connection was through 
a (?/?)" diameter ?..., the recommended size is 1/2" 
diameter. 


The test procedure was simply to make panic stops from 
speeds between 30 and 60 m.p.h., recording the stopping 
distance and directional stability... All stops were made 
in a series of violent jerks and at speeds above 40 
m.p.h., direction..1 stability was difficult to maintain 
and on many of the 60 m.p.h. stops, the brake pedal 

had to be released to prevent the vehicle from leaving 
the road. The sensing unit is driven by the speedometer 
gear, this additional load caused the failure of 3 of 
these gears during these tests. 


The major objection to the system is that the rear 
wheels are required to lock completely before the brake 
pressure is reduced which is the primary cause for the 
instability and jerkiness. 


The test have not indicated that the System or any of 
its-components offer suy promise for development in a 
Kelsey-Hayes System. It must be pointed out (?) that 
no instrumentation was used on the system thus the 
possibility of any system modifications to improve 
performance cannot be determined accurately. 


Test Procedure: 


The test procedure was simply to make panic stops from 
speeds between 30 and 60 m.p.h. and recording deceleration 
stopping distance and vehicle stability. 


The following system configurations were tested: 
(1) Installed as Singer recommended and shown on Fig. 1. 


(2) Without the flow control valve. 


(3) Releasing pressure to the rear wheels only. 
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=-2- . February 3, 1966 


(4) Beleasing pressure to the rear wheels only and 
without the flow control valve. 


(5) Releasing pressure to the rear wheels only, with- 
out the flow control valve but with vacuum 
(tank?) and check valve between the manifold and 
system. ‘ 


Test Results: 


‘All the (30?) m.p.h. stops were (stable?) with little 
er no stearing correction required. When the system was 
pumping all four brakes the stops were achieved in a 
series of violent decelerations. When the system was 
pumping the rear brakes only the decelerations were 
relatively mild, although possibly acceptable were 
definitely uncomfortable. 


The average stopping distance on wet pavement was the 
game for four wheel or rear only pumping, and without 
the system. 


"ne majority of the 60 m.p.h. stops required con- 
siderable steering correction to keep the car on the 
road and on several occasions the brake pedal had to 

be released. The car was generally more easily con- 
trolled without the system operating. The few straight 
stops were achieved when the front wheels locked during 
the first part of the stop. The stopping distances 
“with the system operating were genere’ly equal to or 
greater than without the system on wet pavement. 


‘pT 1OJ See xa] 


Several occasions one rear wheel locked for 30 feet or 
more before the other, under these conditions the 
system cannot pump, Generally the car skids a con- 
siderable distance before the pumping action could be 
dGetected except for the test made in configuration (6?), 
when the system started pumping immediately after t-e 
rear wheel locked, however, straight stops could only 
be achieved by limiting the applied pressure. 


[p d 


The sensing unit is cable driven through an adapter 
by the speedometer gear, this additional load reduced 
the gear life to approximately 15 panic stops. 


The system is installed under the hocd and was achieved 
easily on the Chevelle but it would be extremely 
difficult on a car like the Lincoln. 


Conclusions: 


On the basis of this test, the system provides no 
improvement to the normal braking system. Improvement 

in the system might well be achieved by component 
modification but this should be preceeded by instrumental 
testing to determine the most effective changes. The 
writer believes a more sophisticated method of detecting 
wheel motion is essential to provide an acceptable 

system and does not recommend any further testing or 
development work with this system. 
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Febr«ary 3, 1966 


Kelsey-Hayes Company D-335 
C: Inter-Department Correspondence Transcription 


7 
. 


Tor R. MEYER 

Prom: P. EVERY 

Subject; Evaluation of the Perma Anti-Skid System 

Object: The object of this evaluation was to determine 
whether the Perma-Anti-skid System or any of 


‘ the tu jor components are of value to the 


C Kelsey-Hayes Brake Control System Program. 


Summary : A Perma Anti-Skid System was loaned to the 
Kelsey-Hayes Company for evalvation. The 


@ystem was installed on the 1965 Chevelle 


exactly as recommended by Singer except that 
the intake manifold connection was through a 
3/8" diameter bore hose, the recommended size 


 - is 1/2" diameter. 


The test procedure was simply to make panic 

‘ : stops from speeds between 30 and 60 m.p.h., 

a. recording the stopping distance and direc- 
¢fonal stability. All stops were made in 4 

as series of violent jerks and at speeds above 


40 m.p.h., directional stability was difficult 
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Test Procedure: 


[Dx 335 for id, p 6) 


to mair*ain and on many of the 60 m.p.h. 
stops, the brake pedal had to be released — 
to prevent the vehicle from leaving thé 

road. ‘The sensing unit is driven by the 
speedometer gear, this additional load caused 
the failure of 3 of these gears during these 


tests. 


fhe major chjection to the system is thet 

the rear wheels are requi’ 4d to l. pictely 
before the brake pressure is reiuced which is 
the primary cause for the instability and 


jerkiness. 


The tests have not indicated that the System 
or any of its components offer any premise for 
Gevelopment in a Kelsey-Hayes System. It must 
be pointed out here that no instrumentation 
was used on the system thus the possibility 
of any system modifications to improve per- 


formance cannot be determined accurately. 


The test procedure was simply to make 
panic stops from speeds between 30 and 


$0 m.p.h. and recording deceieration, stopping 


ay 
@istence and vehicle stability. 
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The following system configurations were 


ae 


tested: : 

(1) Installed as Singer recommended 
and shown on Fig. l. 

(2) Without the flow control valve. 

(3) Releasing pressure to the rear wheels 
-only. 

(4) Releasing pressure to the rear wheels 
only and without the flow control valve. 

(5) Releasing pressure to the rear wheels 
only, without the flow control valve but 

C with vacuum tank and check valve between 


‘the manifold and system. 


Test Results: All the 30 m.p.h. stops were stable with little 
or no steering correction required. When the 
system was pumping all four brakes the stops 
were achieved in a se¢ies of violent decelera- 
tions. When the system was pumping the rear 
brakes only the decelerations were relatively 
mild, although possibly acceptable were 


definitely uncomfortable. 


\ z The average stopping distance on wet pavement 
was the same for four wheel or rear only 


pumping, and without the system. 
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The majority of the 60 m.p.h. stops required 
considerable steering correction to keer 

the car on the road and on several occasions 
the brake pedal had to be released. The 

car was generally more easily controlled 
without the system operating. The few straight 
stops were achieved when the front wheels 
locked during the first part of the stop. 

The stopping distances with the system 
operating were generally equal to or greater 


then without the system on wet pavement. 


Several occasions one rear wheel locked for 
30 feet or more before the other, under 
these conditions the system can not pump. 
Generally the car skids a considerable 
distance before the pumpi “tion could 

be detected except for th st made in 
configuration 6, when the system started 
pumping immediately after the rear whee) 
locked, however, straight stops could only 


be achieved by limiting the applied pressure. 


The sensing unit is cable driven through an 


adapter by the specdometer gear, this addi- 


tional load reduced the gear life to approxi- 


mately 15 panic stops. 


on" 


Conclusions: 


{DX 335 for id, p 9] 


The system is installed under the hood 
and was achieved easily on the Chevelle 
but it would be extremely difficult on. 


a car like the Lincoln. 


On the basis of this test, the system 
provides no i.provement to the normai 
braking system. Improvement in the 

system might well be achieved by 

component modification but this should 

be preceded by instrumental testing to 
dGetermine the most effective changes. The 
writer believes a more sophisticated method 
of detecting wheel motion is essential to 
provide an acceptable system and does not 
recommend any further testing or development 


work with this system. 
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Subject: Perma Anti-Sktd Broke Control Systers fron the Aopect of 


are] 


Functional Design and Nellabi lity. 3 


Present: Messrs, A, Ronel und CG. Papezua - El{zobecth Pactorye 
J.W. Vouberg ond J.A, Lundin + Denville. 


Turpose of 


The cecting wes arranged to being the Centrol Research Laborotory 
the expericnce acquired by the Elizabeth Factory 
personnel with th 3 dntl-Skid Beake Control System. The Denville 
personacl have beer ted to a2alst in a technical evoluction of the 
Zeraa Antt-Suls ; a the ospsct of functtonal deotgn within the 


patent protec f ¢ ond reliobiilty mot detractive of exteting 
brake systems. 
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Discussfont 


The discussion was guided by questions prepared in odvance and 

fe presented in the 9ace fora in th’s ereting report. The term components 
refers to un{ts, ouch og the ocnsor ond Perna-Voc ossecdlics, and to wt 
{riividual components, ouch as tha rotory valve, governor, pressure owltch * 
ond colenotd. Tne tern stoptors refers to cctive units to be supplicd {in 
tha Perna kits to acee -;.Jate vehicle diffcrences. 
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SUNCTIONAL DESICT AR Mie ope dae * 
. _ oe e.2 


1, Arc the components functloning {n occordance with the intended 


purpose of cach component? ° 


It woo otated that the Perma systen docs not functton in the mode of 
Perma'o original clotm to cycle near the lockcd-wheel pressure,but 
cycles between the pressure suitch octting (low Ikait Perma control 
of broke fluid pressure) and levels Juot above locked-wheel pressurde 


° ot) 
The tronafer volve hod to be added co the Perea-Voc untt to apply 
yvecuua to the oriatnilly-inacetve olde of the dlaphroca to rollly 
6 functlonal deficiency that oct an vnocceptablo blatt on tho broke 


preooure curing noa-paale braatnge ade 8s Pa ree pertiea 
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The Perma-Vac unit has functfLoned on a marginal basis since, in sona 
vehleles, the avatlable vacuua head during panic stop was barely 
ev((iclent to draw back the dlaphragm and thus the ploton to relieve 
the broke fluld presoure far cnough to open the pressure awitch, This, 
function Ls required to reset the antf-okld oyotea, It was stated that 
presently 14.5 to 15 inches of Ilg {3 required to accomplish thia. Ilov- 
ever, this vacuva level rejutrement should be dependent on the {nttial 
pressure required to achieve locked wiecls under the particular test 
conditions; {. ¢., the coptured brake fJulll presaure. It was cotinated 
that possibly one out of twenty tcsts yhos a lag (lonser-than-normal 
+; 2 stopping distance) that nay de attributed to this marginal bchavior. 
The rotary valve was stated to be effective only toward the end of {ts 
rotary cotion during which it should be transferring the vacuun to the 
Perma-Vac unit. In this part of its rotary motion a large change fu 
output resulted from small angular rotation. It appears to be intended 
for the rotary valve to vary the vacuva level and thus the brake fluid 
pressure as a continuous functicn of “ne governor speed (wheel 6pecd) 
within the speed range of the guvern ©. it agparentiz cocz not accomplish 


this function. . : 2 
. oN a ; - ‘ eae 


: “There fe no data wtilch will show th 1e governor is functfLoning in 4 at 
‘. scooth, continuous manner within d range. There is only proof 
that £t functions as a source of angu romcntur to act on the cas 
gear at wheel lock-up and in Fact <a cooled {in conjunction with 
the ena prar and inertial switch by gradual application of brake pressur 
ng speed" to a "akid" condition. The "slicping speed 
sd between the apeed of the vheel corresponding with 
and locked wneel coaditicn or "skid" 
without 


The Terma pressure switch has been codified to functfon with reasonable 


. 


accuracy ond repeatibility. . : 


Soze of the recorded data obtained on test runs with the vehicles vere 
Attention waa draun to the almost unlfora tine perlod betvcca 
pulses aa indicated by the brake fiuld pressure. This behavior oucgests 
that there {3 a built-in Linlt of response Cinc of ceze cez:ponent in the 
oysten forcing the aforzsentioned cycling between the locked-tiiecl pressure 
cwitch octting. A reduced period between pulses (srester reprtttion rate) 
has been observed under wet road conditions which can be explained by . 


“the reduced excursion of brake fluid presourds ., {at ae Seid 
e S . 


exaatned,. 


. " p . ° © . 
the cceagonentoe universal in eppllesvillty to the vehicles {n use 
to future codclo of vehicles? , * . |... wig. +. 


_ iene tor J. W Meaberg 


No, not in the present design configuration, The present deolgn is 
not opplicovle to the following: ‘ ° ce 


*e eManual shift transmissions 
‘ Dise brakcs é 
: Front wheel drives 
Frortwheel specdoreter take-offs 
Other then 12-volt electrical systems. 
In addition, the present deslgn has demonstrated some satisfactory 
results in dual brake systems, but haz been unsatisfactory in single - 
-". ‘brake oystems which are presently the standard. . : 


*. 
° . . 


«» ‘Application to future codels of vehicles creates a hazy picture. 
Autorotive manufacturers’ products are fraught with econente and 
“competitive changes. Tne most that can be stated here based on 
"present day trencs 13 tat fuctfLonal desizn of an anti-skid control 
."pysten should not be critically dependent on vacuua levels and : 
* . ohould be compatible with higher brake fluld pressures. 
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Also, ace discussion of question 3 belov..- ; ‘sh 
° pe os us 
_What adaptors to vehicle differences exist in the product kits? 


owe 
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eS s ° 
<The gear box Ls available with adapters to the transnisafon 3 
«take-off for all new Gi cars. However, on fmerican, Ford, and Ch 
4 # 
s'\"*ears the speccencter tak . {s part of the flexible drive 
~ ‘le and requires cuttt. ito the cable. The gearing Ls not an exact 
ww “VULeate in all cases aa some applications changes the specdonctce 
. ré ¥ is 


tear tdration. e- W ; ° ‘ ° 


pe 


"+m. terma-Vae platon ts-available in tro sizes. One untt 0.5 inch 
-ter for single brake line oystcns. Two units 0.343 inch dflaneter 
for dual drake systcuse 3 


* 
es . 


-Ge” Whaat other cdaptora have been found necessary or to be desired for the 
*svatea to function in diverse installations; f.e., vehicle codels where 
'.s original Perma aystea fails to functLon? ‘ 


° overs 


theme 


“The only iten referred to was the experimental restriction check 

* volve (“cictering™ valve) that has been tried on alngle brake Line . 
*pystens but {3 gencrally undesirable, because of the lfulted fluid flow 
in a brake oyatia end danger of obstructing the release of presoure. 
frou the wheel cylindcrs. i er . 
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6, Are oll componente Lfunctloning for all rood conditions, epecds ond 
* environnentol condLtions? ¢ ‘ . : ° 


J. Teating of the Oysten over the full ronge of these conditions hos 
“s*, mot been completed, Some of the conditions not covered thuo fac 
*.* ore the folloyings, 4 nt oP 
ore . : > . : a 
ae Environzental - low temperaturce - 
* high altitude dciving 
« hunldity effccte. 
2% “ts a ; su 
Road conditions = fey ond slushy roads 


ie 7 tlevetion grades or hilly rosds; 
2 . - 


s@ low opeeds, 5-15 niles per hour, — 
a 15-25 miles per hour, 


(There {08 the posstbilifty of excessive 
freo wheeling at the lewvest Speeds.) 


Cenergl oe Corroaton (none opporent to, date) 
; $ « Shelf itfe of hardvore. ‘ 


I a tata ay Se eA 


ke. Mave the relfobiLiftics of all the components been Seternined? 


The geor box 18 conoldered acceptable, 


"The oensor untt has been run for 40,000 miles thus for ond Oppeera 


to ourvive this teste, Nevever, there ore rellobility questions inherent 


sf. dn the desfgn thich have not been answered, 
Pee “hes ” . 7 : . ° = by 
"<", (0) Is the expanston Opring on the governor mounted ond guided 
i++ dm ouch o manner a9 to Prohi{t the spring interfering with 
the return of tho governor extension shalt? 
Ts there en.unvented Cavity octween the telescoping extene 
sion shoft and the matn fovesnor shalt thich may rosult {n a 


donping oction, Perticulorly {£ ofl gets on the shaft? 


A ototement vos made thot the valve mechanical “stan ond the’ 

valve leveroge oppearea to be on unrellodle Jeolgn, 

The opring return of the oolenotd {o close to the opring 

force valuo of the governor expanofon opring. WLLL the °° 

Coleno{d-rotura opring over-ride a Oticky volvo? . 7 
. ge ee ne, re. . 09 + Pee 
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: Pi eco to: J. W, Nonberg Ar es . 4 Poge $ ° 
D Pe . > ‘ 
i Le ae - P a Sl 
7 }* . e(c) The Perma project people rolocd the quenation of the ae. 
oy ‘ Fellebllity of the con cess in the nensor, They ocen .. ar 
a : to feel tt may bo possible to tock tt 'n the poslttion ° “re 
2. ats ; as Which would {nitlate the Perma Control any tloe the a 
= ee or preseure cultch woe closed. ‘ ° ° poe” Sanus 
. . . ° . 
2 . -. 36 ane P ® ‘° by . bs ht ’, 
fo, 3 eve 26 Is the ontt-s:ld system foll-s) +? (f.¢., docs every possible , 
uk at etl t , feltluce fa the system restore notmil brake control to the deliver?) 
° o? SF se = ¢ " - 
: “i , yt i" 2). (the present Perma antt-skid contcol is not foll-sofe. A follure r 
6 te (8 of the vocuun fin the present configuration results tn o differenttol . 
3 ‘ee. °,"*% force on the dlophragm tn the Perma-Vac untt of only that created 
a Otay Pe . \| by the spring. This force octs aon upper llatet on the brake fluid 
ty tp Sh pressure that the driver can opply with the broke pedal. The 
Segre FZy | lim{ted pressure fe cuch emaller than thot which the driver could 
Ree ac. +) § opply ££ the Derma Control wsa not connected to the brske ¢;:tca, 
{ oe he probably less thon SO%, . - + ea woe 
' eee hy ra a us pe Se aa aise oe wats. * 
¢ : . ae ae < BURY or ain Pee Ae : . Piste Sue 
Nee EH Soci tte Questions ££ not Covered in the Above Itens: . 96 ae a 
r ( TN s age. 
J) nt nar Sie i oe 
oe Bh. “Le (RelLobi{fty) What fs the effect of loss of vacuum (due to leaks, ~ * 
By ce stalled engine, ctc.) on origlnol brake systea co abilities? 
Ric aoe . 7 P ‘ Ps 
; oath. . ee: 3 “i pe 
i t. “See question 2 above, .- ‘ : s . ‘ 2% an eek 
rs 4 . ‘ ‘ - ete ee 
“A * . e ’ .. e 
| rat | 2, (Functfonol) Docs reset of the Perna Control occur st ee. 
af . Opptoxinately 10 cfh in a positive manner vith cay reasonoble — 
1 “**., +. Occurccy? “Is oystea returned to stocdard braking? > es 
f- .* ee ; ‘ ‘ ° Pate My ir 
t es : a.” These questions could not be onswcred. Tests of the control eae 
{ %, * oyster in vehicles have boea llottcd to specds of 30, 50 ond 70° - 7 : 
| ofh. The onsver to these qusatlona would ocean to be very tnportant ree. 
: gince the lev apzed {9 related to bumzer-to-bunser MENG EA. 8 as HE 
*.trafiie an? tha reset response tices becenes 6 ctcater percentoge - 
of overall Percs Control tine. < seth Soha ee 
*e* e ” - Wiaaie bn 2 Pe - an a “ t st 
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Februs ry iT, ; 1956 . , eerre tor 
Trio Renort to Ford Motor Comzany 


e . 
¥ «6 . fe ea 8 A ee 
ce Ry ere Fe ee te) PEN B., 


Personnel Contacted: 
Persone? = 


A. Sainoson - Senior Engineer (Advancce Chassis Department) 


3. Ihnacik - principal Mgincer (Sentor Project Engineer) 


W. Hollehan - Brake Engineer 


. 


It was apparent at the beginning of our discussion that 
the above representatives vere not fully inforined as to 
the purpose of my visit or the role I yiould play 
test program. They had been latoring uncer the 
sion tnat I was to be present during the instrumente 
and testing pacses to review their inetnods and ensure 
that tine vest was conducted to our satisfactiun. They 
were unaware of the fact tnat an {nstellecion was to be 
mode during “~y visit and stated that it cenerelis 2kes 
several wecks to set up a test. 


I essured them that Singer hed the \ighest regard as to 
their ability ang integrity, and therefore, iv was not 
our intent to taxe cart in the {nstrumentation or testing 
of tine device. Furtherinore, that we srould aporeciate 
their professional ooinion as to its merit and vould not 
cn2lienge it. I indicated tnat I would come out wacn the 
tests ere concuctcd if they felt that I could be of sone 
assistance. 


We discussed tre =odifications made to the unit by Singer 
briefly and in general terns only. Iwas asked why Wwe 
wanted a test run and told taen that we ned only verforned 
tests on dry and sict road surfaces with the new unit. If. 
also told tien that the new design hed not been testcd on 
a Ford product and that our test fecilitics were rather 
Limited, esoecially for low cocfficient of friction road 
testinu. . 
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tne valve 
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several Ov: 
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felt we snould limit the 
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sure down to 
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cycling. After learn- 
‘sould not be necessa’ y. 
thet it mignt cause a 
of friction rocd surfaces. 
tne unit 
ecve tank and 
from the 


he 
zero. 


sing the pres 


unit was 


He 
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late tne 


res 
Ogruns 


pron ,oscd th: ¥ we -conéues a full set of tests on 


t 4 them for 
t result would 
seestion 23 to 
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He agreed to go 
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. Also, that taney 

own at this tine, 

One device, 
the exception that 
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cleration of the .ear 
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rir 
devices. 
ae) 
cece 
the 
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Innacik comnented on the violent action of our unit 
triacntal 


effect on the susocnsion 
He also inforimacd me tnat iE 
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orimary objective. 
reaction soznevnat, and 
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Tacir criterta for evalutting stability 1s tascd one 
pinic ston with hinds off. ti:e wheel. Tnis sives then é@ 
comon welareancs None wacn conmmiring tect runs. ily 
guess is 2h Yelsey ileyes <1lso uses the stuneurd, ana 
expli ins tney found mo zévintace in reycrds to 
stzoility when using our Cevice. We Gid nov use tnis 
method cvring our tests und therefore, stavility was 
not recognized as o ovlen. Soaz steering corivection 
was used by our test driver on ost of the runs. 


As fer ts using vacuun for a nower source is conecerncd, 
ir. Inneecik incicct<d thet they hed no reservations tnd 
that in all promvility tac rirst device ©°* red to tre 
public would usc tnis source. le also st uns 

jJater Gete, 2 hydraulic systen like power 

probebly be uscd. Tne use of 2 vacuun rese 
mentioned 25 2 eossivle sarety precaution 
éGrops. fie confirmed our finéinys that vecu 
panic or niga Gecelerztion stops were to te expected. 


As far as 
cerned, they e2ac 
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¢ 
the next feu years 
wheels and the ent 
* 
Vv 


or) 
pa 
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or 
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end dgucli master cylindcrs cre con- 
o introduce these retvher quickly in 
Dises ere to oe expectcd on cll four 


¢ 
wo 


era 


re 
‘ 
a? 
on i 
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id device introduced ould yrotcbly 
be for rear dise brakes to texe adventcecge of its low fede 
characteristics and resistence to leck-u».. Aop-erently, 
@ises do not lock-up 35 suddenly as ¢rum brakes do. Gais 
certeinly sould effect tne ability of ovr inertia sensing 
mechenisin to detect locx-up and would increase tne 
griver's ability to "fool" our unit. 


The minimua nuaber of cycles per second needed “or st2bdil- 


ity during stnic stons wes stcted to be 10 cycles/sec. oy 
Ke. Ihnscik. ‘le fell far snort of this requirenent. 


Fane following poin 


ts were ayrecd upon in regards to tne 
evaluation of our ce 


vice. 


1. Tne unit sould be tested in its present state on 
: oll four wneels first. 


2, a will be tried with end without the metering 
valves. . 7 
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Rear wheel actuation only will be tricd. 


A preliminary evaluation of the modifications 
wade will oc conducted during tie tise interval 
of zcquiring ind instirussentation of % test 
Vehicle. An assessiscnt 45 to wheei:cr these 
modifications would improve “the perforiacnce 
over thet waich was ovserved on the civlicr 
unit would ve mcde during tals tise. ‘This 
Ossessient would cetcraine how much testing 

and instrescntation would be cone. In any 
-event, the unit will te perfovarnce tosted. 


Tne 2de‘tion of 2 vecuun reseive ton and/or 
ény other modifications whica they vent to ty 
will be ddric after tne above tests arve vce. 
Completed. Mr. Tnanecik will let uc now when 
the test schedule nes been ecstablisi«d. 


Supervisosy = e 
Central Enginecring Division 


AR:ms 
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sherri maze * Cw YON 24 my, 


Mr. C. F. Druder 


t 
PROMA1 B.C, Person 
sb tee TO 


DATE: - my Ot oO! 
Februsry 25, 1966 ee monn oon 


nwt 


sussicTs = peasy pr T-svTa cetroL 


On Yebrunry 10, 196°, ve forzerded to you a cory of the information 
reviewed with Mr, Kircher 4a the seeting to gct his-ccreezent on the 


next steps in our rel ion with Perma. The attached raterial {8 a 


draft of the hichlichts of the subecquent cceting between Singer end 
Perna reprece: itatives. . a t,- 9 : 


Svtscquent to this -retinz, rt ted hed a phone cell from Mr. Perrino 
of Perma with the following recults: . a I . fi 


2X. Wo are still nt on impasse in regerd to any overall settlo- 
ment ergreccent, At) on ee ; 


' 


2. Per=a tas rejected our proposal for contacting a retrieval 
prograa an 24 refused to subait a ee ale 


Original Signed by* 
B. C Person 


Mr. oe dl Scipio ee ns 
RECEIVED 
FEB 23/196 
N d di Sciplo 
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SUMMANY OF MEBTING WITI! PERMA 


FEBRUARY 16, 1966 


Yhe meeting with Perma on February 16, 1966, resulted in somewhat better 
results that we anticipated: 
“2. Although agreenent was not reached on an overall settlement, the 
door for further discussion is still partially open. 
Agreement oy the bases for retrieving she" units in the New England 
area is progressing. Both parties are in agreement on the basic 
plen and have talked about the details of how a re. f4eval would 


be conducted. 


fettlement Agreement 


The discussion regarding | a bases for an overall settlement agreement between 


—— — 


Perma and Singer ended with the following proposal by Singer on the table: 
1. Resale of the patent application and rights to the U.S. and Canada 
for $385, 000 Sam any amounts owed as a result a the retrieval 


program dudmunei below). 


- $20,000 cash down payment. 


« Payment of the balance over 4 period of time (predably tied to the 


_ gale of the units). A specific proposal in this area must be 


developed. 


Binger will agree to 4 vilue of $600,000 on the inventory of anti- 
skid components, but retuins absolute right to refuse to sell the 


components except to a third parvy that meets Singer's approval. 


(mf Perma should interes’. a company of stature, such as Bendix, we 


believe the inventory sd be s0la with adequate protection to 


‘ Singer's nanc.) : 


Mr’, Perrino indicated it was impo:: ..vb2 > for Perma to proceed on this basis, 


ehh ed ed ed ee 2 TY 
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ie > primarily because of the restriction on.the inventory; and, secondly, because 
there was no moncy for a down payment. We indicated we could not move from 


our position regarding absolute control over the inventory, 


, Retrieval Prorram os . a. 
» Agreement was reached on the principal points of a program to retrieve the 


Perma Anti-Skid units still in the field in the New England area. A detailed 


—: . 


plan needs to be completed and put into writing. Also, Mr. Perrino was to. 


" eheck with counsel on one point of the agreement - splitting the payment 


for Class II items. 


The understanding to date is: 
1. The costs of the retrieval program will be split as follows: Singer 
will pay for Class III units and one-half cof the Class II units; 
— will pay for Class I units and one-half of the Class II units. 
S"nger will advance the funds requiied for the retrieval; Perma 
will pay for their share of the program by increasing the amourt 
of the outstanding note held by Singer. Thus, reimbursement to 


Singer may be postponed to as late as December, 1969. 


into without prejudice to the rights of either party. 


Customers are to be reimbursed in cash, not with a promise ofa 


¢ 
- 


new unit, 


Perma will mail a letter to the customers which has been reviewed 
and approvea by Singer. 


Perma will remove the units at their facility in North Attleboro, i J 


Massachusetts. , 
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Re: Perma v. Singer 


Paul R. DeRensis, Esq. 
Poletti Freidin Prashker 
Feldman & Gartner fo 
bw WY (rey 


777 Third Avenue : 
New York, New York 10017 


Dear Mr. DeRensis: 
Herewith please fi fsuant to your re- 
quest, one unit of/fa rs kid device. 
to you upon the 


that 


Very truly yours, 
Samue) S. Linderman 
Enclosures 
SSL:be 
cc: Messrs. Chanler 


Clark 
Gordon 
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CHIECE* hy . 
seeeetepeess Ss 
DELIV: fi: : Fe OF oy, 
D: May 22, 1973 
Ay ry 


Tikii ....=*. — 
Re: Perma v. Singer ; 


Paul R. DeRensis, Dsq. 
Poletti Freidin Prasnker 
Feldman & Gartner 

777 Third Avenue 
Now York, New York 10017 
Dear Mr. DeRensis: 

Pursuant to vour } Rosie please find 
one unit of the Perra anti 

The unit includes stury serial No. 2314, 
adaptor kit No. ) ima \ Ne kit for a V-8 model 
Chevrolet procuce/f!} fror ough 1962. It replaces the 
unit sent to you Q\ Mz 7B, which you found unsuit- 
able 


is made available to you upon the condi- 


\ 
3 on September 23, 1971, that it will 


tection with the instant action and will 
\ 


a manner as to risk bodily harm or in- 
jury to any person. 
I would be grateful if you return the unit sent to 
you last week to our messencer. 
Very truly yours, 


Enclosures Samuel S. Linderman 


bee: William C. Chanler, Esq. Ff 
Merrell E. Clark, Jr., Esq. 
Phillip Cordon, Esq. 
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Ksusry- Darrs Company 


ROMULUS, MICUIOAN 


June 6, 1974 


Mr. Jonathan K. Lagemann 

Winthrop, Stimson, Putnam & Roberts 
40 Wall Street 

New York, N.Y. 10005 


Dear Mr. Lagemann: 


On a number of previous occasions you have repeatedly 
requested that we produce our Mr. Every to testify on 
behalf of Singer in connection with your pending lawsuit 
on the Perma Anti-Skid System. It is my understanding 
that you intend to use Mr. Every's testimony to establish 
a foundation sufficient to introduce a test report written 
by Mr. Every on 3 February 1966 into evidence. 


Kelsey-Hayes will agree to produce Mr. Every to testify 
for the aforementioned purpose provided the following 
conditions are met: 


i.) 


The court will not permit questions to be directed 
to Mr. Every which relate to or call for a response 
relating to any test procedure any test or any test 
results utilized, conducted or formulated in con- 
nection with any anti-skid braking system other 


‘than the so-called Perma Anti-Skid Braking System. 


The court will not permit questions to be directed 
to Mr. Every which relate to or call for a response 
relating to the identification,function, design or 
performance of any anti-skid braking system other 
than the so-called Perma Anti-Skid Braking System. 


The court will not permit questions to be directed 
to Mr. Every which relate to or call for a response 
relating to any communication, contract, license 
o. other business relationship between Kelsey- 
Hayes and its customers, suppliers, licensees, 
licensors or contractors, 


(DX 684 for id 
KELSEY - HAYES COMPANY 


Mr. Jonathan K. Lagemann June 6, 1974 
Winthrop, Stimson, Putnam & Roberts Page 2. 


iv.) The court will not permit que: tions to be directed 
to Mr. Every which elicit or are intended to elicit 
identification of or information regarding any of 
Kelsey-Hayes' customers, suppilers, contractors, 
licensees, licensors or any develo} ment,testing, 
consulting or design activity Kelsey- Hayes has 
done therefor or therewith. 


Singer will submit to Kelsey-Hayes in writing 
the questions to be asked of Mr. Every for Kelsey- 
Hayes prior approval. 


We fee] the above limitations are necessary in view of 
the confidential nature of information within Mr. Every's 
personal knowledge. We also feel that the limitations 
will not preclude Mr. Every from accur itely relating to 
the court the circumstances and .ditions under which 
he conducted the test discussed in mis 0 F¥ bruary 1966 
memorandum and hence laying the foundation for such 
memorandum to be placed into evidence. 


As we discussed you will seek to obtain the concurrence 
of the court to limit Mr. Every's testimony as set forth 
herein. 


Very truly yours, 


Henry J. Policinski 
Patent Attorney 


HJP/es 
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Jonathan K. Lagemann, Esq. 
Winthrop, Stimson, Putnam & Roberts 
40 Wall Street 

New York, New York 


Re: Perma Research & Development Co. 
v. The Singer Co., United States 
District Court, Southern District 
of New York, 66 Civ. 665 


Dear Cord: 


On November 27, 1973, we agreed that plaintiff 
and defendant would, insofar as possible, set forth in 
letter form one week in advance of the testimony of their 
respective expcrt witnesses, the anticipated subject matter 
of that testimcny. Pursuant to that agreement and by way 
of repetition of our disclosures to you on November 27, I 
set forth below the anticipated subjects which will be 
covered by the testimony of Daniel Goor, plaintiff's first 
expert witness: 


1. Competitive anti-skid devices, their 
technical features and development, with emphasis 
on the Kelsey Hayes unit; 


2. The criteria for marketability of an 
anti-skid device; 


3. Steps necessary to render marketable an 
un,erfected anti-skid device; 


4. Whether the Perma anti-skid device was 
or could have been made marketable and, if not, 
the modifications necessary to make it marketable; 


5. Saies of anti-skid devices manufactured 
by others. 


Mr. Goor's testimony will be based upon his prior 
professional experience including his familiarity with other 


] 


oe 


uses o 


get 
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Jonathan K. Lagemann, Es4- 2 November 30, 1973 
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anti-skid devices and relevant literature in the field, his 
evaluation of the Perma anti-skid device based upon physic 


} 
id 


models, simulated operatio’, drawings, prints and schematics 


of the device and Singer's documents reflecting its evaluat 


thereof. 
Sincerely yours, 
V/A Wi, 
Vth! F rick 
aul R. Grand 
PRG:ch 
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TO COURT'S EXHIBIT 5) — 


Pase 1 oF 412 


Model Tear ————— 1979 } 197? 
Total Anti-sald Anci-said Total Anti-Salé Arti-Suid Asu-ialé 


Car Ling Production (Percent) (turber) Production {Percent) Qremer -t (Percent) 


Mark 111/I¥ 22,564 7.58 1,692 ° 100.08 
Teuxterbird 49,272 6. 14 a 2.2 
Lincels e. — ; 9.9 
Mercury n.0. 
Oter ror 2,07).0 

Total Pest 


Torensio 
Cadillac 
Zl Corade 
Other or 


227,713 

49,074 

4) . 3,499 4,309,356 

Totel ca is, } b 2 . . e 4.624.243 
—— 


¥.O. 8.0 11,4632 


3,479,459 3,311,073 1,244,827 
1,479,459 3.3131,073 1,256,259 
———— ee _ 


8.039 098 ° 7,442,703 ° 6.934.359 


ig ee ree 


1973 __1974 (To 1/31/74) . 
Tera Apti-Sald Anti-said Totel Anti-said Ant 
Droduztion Qercent) (ver>er) Procuction (Percent) (Wur er 
69,497 100.0% “69,497 43,529 100.0% 42,529 
62,71. $.9 ©. 4,030 42,752 7.4 3 ; 
$3,635 7.0 4,106 31,179 6.9 ¢ 
184,359 1.4 2,503 67,709 2.6 
ee _— as spe are 
Ta r € ‘ 
eee awl." oL23 prELEA 2D) ae 
\ 
| 
wel. , 
~* $6,226 3.2% 1,799 25,416 3.38 ooo 165,262 3.48 
Ae] 251,176 1.5 3,768 139,458 2.0 2,669 612,347 1.4 
a} $1,453 5.6 2,681 31,408 6.2 1,952 374,223 4.9 
os . angie a ° woes -- pat 2 24,393,063 ee ee 
A eonnd® a LLY PAUP | a PE ones pi BEML ME 
**) 
is 
oO. 
U0 15,667 3.6% $96 "0. - - 87) 3.58 
~ 1.579.383 pe - 623.753 - - 2,724,692 eo 
1,585,868 0.048 $96 003,753 Oo 0 ? 385 0.¢7% 
w —_——n ——— — eo _— - —— oa atte 
a! $ 949.689 0.9% 90,046 5,195,363 1.18 $6.68 46,163,706 0.6% 
~! 
wi: 
: © Mote . Total 1969-74 Perceat of Percent of 
x! ‘ Units TOtsL ACE. Tots) Production 
rr) { Aati-Gklé a6 Standard Equipeeat 213,772 77% 0.468 
ee 3 . Aati-€ulé os Gptional Equigeeas 2 Q.ls 
H Tesal $.3 Cy 0.60% 
—| . — 
ai “ 
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COURT'S EXHIBIT 6 


UNITED STATES DISTRICT COURT 
SOUTIICRN DISTRICT OF NEW YORK 


PERMA RESEARCH & DEVELOPMENT t 66 Civ. 665 
COMPANY, (KTD) 


Plaintiff, 
STIPULATION OF FACTS 
- against - 


THE SINGER COMPANY, H 


Defendant. 


IT IS HEREBY STIPULATED AND AGREED by and between 


the undersigned ati orneys as follows: 


1. General Motors Corporation, Chrysler Corporation 
and Ford Motor Company have marketed anti-skid devices as in-. 
dicated below. 


Ford- Motor Company 


Car Line Model Years Offered 
Mark III/IV 1969-1974 (Standard Fquipment) 
Thunderbird . 1969-1974 (Optional Equipment) 
Lincoln Continental - 1970-1974 (Optional Equipment) 
Mercury .. a 1972-1974 (Optional Equipment) 


- 


* The General Motors Corporation 


| Car Line Model Years Offercd os 

I Oldsmobile Toronado 1971-1974 (Optional Equipment) 
Cadillac 1972-1974 (Optional Equipment) 
Cadillac El Dorado 1971-1974 (Optional Equipment) 

| * Chrysler Corporation 

| Car Line Model Years Offered 
Imperial oi 1971-1973 (Optional Equipwent) 


(a) The General Motors Corporation device markcte 


as optional cquipnient on Oldsmobile Toronado, Cadillac and 


Qemnewroug aes yes ee + ep O+- commen ees + fee cect ty OCPD Ett CED DO - AFSL OGCED CEN IPAM OS (OUD SIP LEM B10 9 SY LEMS BINS D GOVE - 
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Cadillac El Dorado model automobiles is supplied by a division 
of General Motors Corporation. Anti-skid prices+/on the 1974 
models are $214.00 for El Dorado and Cadillac, and $190.00 for 
Toronado. 

(b) The Chrysler Corporation device was supplied 
to Chrysler by The Bendix Corporation. This device is no longer 
offered on any Chrysler Corporation automobiles effective with 
the 1974 models. The price-/for the Chrysler Imperial anti- 
skid device at the end of the 1973 model year was $348.50. 

(c) The Ford Motor Company device is supplied by 
The Kelsey-Hayes Corporation. Anti-skid prices+/for the 1974 
Ford models are: .Thunderbird $196.60, Mercury $196.90 and 


Lincoln Continental $214.70. 


2. ‘Attached hereto as Exhibit "A" are copies of the 
appropriate Ward's Automotive Reports for model years 1969 
through March 31, 1974, which set forth the number of new cars 
produced by General Motors Corporat: 1, Ford Motor 


Chrysler Corporation for this period and the number of anti- 


skid devices installed thereon for the model years 1972 to 


Maven 3, 1974s » 


3. The number of new cars produced by Genera. Motors 
Corporation, Ford Motor Company and Chrysler Corporation and the 
number of anti-skid units installed thereon during the model 
years 1969 through 1971 are set forth in Exhibit "B" attached 


hereto. 


1/price listed is_the manufaci:cer's suggested retail price 
in effect during the model year. These prices cre supplicd by 
the automobile manufacturer with a disclaimer stipulation such 
as that supplied by Ford Motor Company: "The manufactucr's 
suggested retail prices are suggested prices only and are not 
intended to determine the prices charged by dealers to their 
customers on resale." The price of options included as standard 
equipment is part of the hase price of the vehicle. 


4. When executed 
herein, the facts set forth 
Reports attached hereto may 


game manner and to the same 


exhibit in evidence. 
Dated: New York, New York 
June 24, 1974 


4 


by the attorneys for the partie: 
herein and the Ward's Automotive 
be relied on by the parties in the 
extent as any other fact or 
POLETTI FREID/SN PRASIIKER FFLOMAN 

& GARTNER j 

/ 
B & . 
- SE ER nee. : " 
A Member of the Firn 
Attorneys for Plaintiff 
Office and P.O. Address: 
777 Third Avenue 
New York, New York 10017 
WINTHROP, TIMSON, PUTNAM & RER 
ats. ie 
ee Lae Apr 
A eit of the 

Attorneys for Brey 
Office and P.O. Address 
40 Wall Street 
New York, New York 10005 
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As you requested on April 2, 1964, we have 
review of the adequacy, utility, and reliability of the 


subject device. 


necring opinion. 
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"PERLA" ANTI-SKID DEVICE 
nde a cursory s.:; -. 
Since we have not had the Opportunity 


test a unit in actual use on a car, or under controlled 
concitions in a laboratory, we can o: 
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“This Linited evaluation is based on the technical literature 
‘furnished, a visual examination of the unit, and a telephone, 
conversation with Frank Perrino, the inventor. ape 
“It appears thit the iat is a chanso made as a result of the 
Detroit incident will be effective in preventing this, kind lel 
failure. There are, however, a nunaver of other types of ype 
dle failures that could.occure © -.. - ; 
* Please keep in mind that we are not predicting these failures . 
, Since this cannot be.: 
donc vitnout “adequate ranging data. : 


ae 1erently, the basic Gesign concept is not fail- safe ‘sinee 

experience, as well as logic, shows tnat “failure of the anti- ~ 
*;° Sead device can result in the total loss of braking. Sone 
‘Sof the types of possiole baa tNeS that couka result in loss.. 
“of braking are: . - . Se E > 
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2 ’ Plugging of ais filter No. 65 ‘could ropuae in the ine 
ability of the unit to cycle with partial or gotal 2 
braking. ; ° 


‘Failure of the solenoid spring No. 46 could prevent Elsie so ‘Pa! 

the unit froa cycling with resultant ioss of braking. ze ests § 
dtantacenent of the Governor spring No. 47 into the” (A.~) Py 

“clearance between the-ends of the governor snaft and , ne . 

shaft No. 48 could result in loss of braking. 

“Welding of the ure switch No.. 36 

could result in the in the unit to cycle 

with loss of braking. - eee © ee sania : 


‘Failure of the pressure suktake: sp ring hoe & 
similarly result in loss of bra ki ings 


’ Failure of the accunulator pis ton seals could 
‘loss of hyara sulic fiuia and ebaepte failure., 


Jaraing of the pressure  suitch piston Now. 39 vhile i) .- 
the switch is in the "closed" position could also : 
result in failu are to he dicate’ with loss of braking. 
lures, there ‘are “four “general. con- 
involved in this device which sould 
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Gears -and shafts“ This marginally-lubricated drivo trai n: 
is particularly susceptiole to failure under the conditions 
: of operation. The Governor snatt rotates at approximately 
>$000 rpia at 25 mys and at nearly 15,0CO rpm at 75 mph 

(these figures were ootaincd froin Perino). 


Switches - Switches operating in direct current circuits 1 
-: such as these can be a source of trouble. ~ >. 


Coil - The solenoid coil should be tested to doternine 
ressenaiity and Zongevitys 


Plueced fluid ess ces - ‘In addition to the air filter 
mentioned before, aiuerina' could occur in the hydraulic 
systema in the check valve and pressure switch vnich are ot 
‘ introduced into the hydraulic orake line. raed 


Our over-2ll iupres sion is that the device represents an in- tak 
genious design, has been carefully developed, and is undoubtedly. ~: 
effective in controlling braking skids; but complexity and .! : 
multiplicity of components make it vulnerable to sudcen service 
failures with possiole disastrous consequences. I would like 


ou 9 ae point out again that the probability of failure cannot be 


predicted withous ade equate “ests. 
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; A simplified antishid device uses engine vac- 


yum to control a variable yccumulator for re~ 
lease of braking pressure in event of wheel 


lock-up, The redesigned unit, quickly installed, 


contained accessory that modulates braketine 
pressure to a point just below the skid- 
producing pressure. 

The original unit (Destan News, April 11, 


oO tet 0 eg were week 
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on cars with of without power brakes, is 3 self. 1960) provided combined automatic braking 
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and skid control through the acceterator pec”. 


A later design was built around a power braie. 
Engine vacuum in both cases modulated dros 
pressure as reguiated by a rotary vaive. The 
latter effected release of skid pressure through 
& governor that responded to wheel ioca-up. 
A safety valve allowed braze uid to bypass the 


power brakc and provide adequate pressure - 
- in event of engine failure or stall. In addition, 


damping was provided for the driver who 
wanted to avuid the sensitive feeling of the 
power brakes. 


The recesion is independent of a specific - 
tal pe ‘ 


braking arrangement and finctions as an 
easily instilled accessory. The antissid unit is 
the same, except that now it sitnply reguiases 
A separate variable accumulator, unly in cvent 
of a sid condition. Engine vacuum releases 
the brake-line pressure to just below the said 
Jevel when a wheel lock-up cancitiun occurs 
Vacuum is fed to the release side of the aceus 
mulator through the rotation of the rotury 
valve in the antiskid unit, At the same time, 
closing of a valve in the hydraulic section of 
the accumulator prevents overriding of the 
antiskid systems by the driver. 

There is no change in the “feel” of the 
» brake pedal after the unit is insunted. Also, 

since the device cloes not rely on vacuum for 

braking power, there is no need fur the safety 

valve and associated lines and fittings. 

The redesigned antissid control is a product 

of Perma Research and Development Co., 

North Aulcboro, Mass. 
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The test procedure was simply to make panic stops from 
speeds between 30 and 60 m.p.h. and recording deceleration 
stopping distance and vehicle stability. 
. ” 


The following system configurations were tested: 
(1) Installed as Singer recommended and shown on Fig. l. ; E1304 \DX 335 tor id, p 3) 
(2) Without the flow control valve. (transcribed on page &-1304A) 


(3) Releasing pressure to the rear wheels only. 
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(4) Releasing pressure to the rear wheels only and 
without the flow control valve. 


(5) Releasing pressure to the rear wheels only, with- 
out the flow control valve but with vacuum 
(tank?) and check valve between the manifold and 
system. 


Test Results: 


‘All the (30?) r.p.h. stops were (stable?) with little 

or no stearing correction required. When the system was 
pumping all four brakes the stops were achieved in a 
series of violent decelerations. When the system was 
pumping the rear brakes only the decelerations were 
relatively mild, although possibly acceptable were 
definitely uncomfortable. 


The average stopping distance on wet pavement was the 
seme for four wheel or rear only pumping, and without 
the system. 


The majority of the 60 m.p.h. stops required con- 
widerable steering correction to keep the car on the 
road and on several occasions the brake pedal had to 

be released. The car was generally more easily con- 
trolled without the system operating. The few straight 
stops were achieved when the front wheels locked during 
the *‘~st part of the stop. The stopping distances 
“with che system operating were generally equa’ to or 
greater than without the system on wet pavement. 


Several occasions one rear wheel locked for 30 feet or 
more before the other, under these conditions the 
system cannot pump. Generally the car skids a con- 
siderable distance before the pumping action could be 
detected except for the test made in configuration (6?), 
when the system started pumping immediately after the 
rear wheel locked, however, straight stops could only 
be achieved by limiting the applied pressure. 


fhe sensing unit is cable driven through an adapter 
by the speedometer gear, this additional load reduced 
the gear life to approximately 15 panic stops. 


The system is installed under the hood and was achieved 


easily on the Chevelle but it would be extremely 
@ifficult on a car like the Lincoln. 


Conclusions: 


On the basis of this test, the system provides no 
improvement to the normal braking system. Improvement 

in the system might well be achieved by component 
modification but this should be preceeded by instrumental 
testing to determine the most effective changes. The 
writer believes a more sophisticated method of detecting 
wheel motion is essential to provide an acceptable 

system and does not recommend any further testing or 
development work with this system. 
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Kelsey-Hayes Company D-335 


Inter-Department Correspondence 


Transcription 


‘ 


Evaluation of the Perma Anti-Skid System 


The object of this evaluation was to determine 


whether the Perma-Anti-skid System or any of 


' the major com. nents are of value to the 


Kelsey-Hayes Brake Control System Program. 


A Perma Anti-Skid System was loaned to the 
Kelsey-Hayes Company for evaluation. ‘The 
System was installed on the 1965 Chevelle 


exactly as recommended by Singer except that 


the intake manifold connection was through a 


3/8* diameter bore hose, the recommended size 
is 1/2* diameter. 


The test procedure was simply to make panic 
stops from speeds between 30 and 60 m.p.h., 
recording the stopping discance and direc- 

tional swubility. All stops were made in + 
series of violent jerks and at speeds above 


@ m.peh., directional stability was difficult 


BH1306 {DX 335 for id, p 5] 


‘ss 


Test Procedure: 


[Dx 335 for id, p 6) 


to maintain and on many of the 60 m.p.h. 
stops, the brake pedal had to be released 

to prevent the vehicle from leaving thé 

road. The sensing unit is driven by the 
speedometer gear, this additional load caused 
th frilure of 3 of these gears during these 


tei’ ts. 


Tho major objection to the system is that 
the rear wheels are required to le x comp. .- 
before the brake pressure is reduced which is 
the primary cause for the instability and 


jerkiness. 


The tests have not indicated that the System 
or any of its c~~ponents offer any premise for 
Gevelopment in a Kelsey-Hayes System. It must 
be pointed out here that no instrumentation 
was used on the system thus the possibility 
of any system modifications to improve per~ 


formance cannot be determined accurately. 


The test procedure was simply to make 
panic stops from speeds between 30 and 


rt) m.p.h. and recording deceleration, stopping 


ay 
@istance and vehicle stability. 
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Test Results: 


[DX 335 for id, p 7] 
The following system configurations were 
tested: 

(1) Installed as Singer recommended 
and shown on Fig. 1. 

(2) Without the flow control valve. 

(3) Releasing pressure to the rear wheels 
-only. 


(4) Releasing pressure to the rear wheels 


only and without the flow control valve. 


Releasing pressure to the rear wheels 


only, without the flow control valve but 


with vacuum tank and check valve between 


‘the manifold and system. 


All the 30 m.p.h. stops were stable with little 


or no steering correction required. When the 
system was pumping all four brakes the stops 
were achieved in a series of violent decelera- 
tions. When the system was pumping the rear 
brakes only the decelerations were relatively 
mild, al‘shough possibly acceptable were 


definitely uncomfortable. 


The average stopping distance on wet pavement 
was the same for four wheel or rear only 


pumping, and without the system. 
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‘fhe majority of the 60 m.p.h. stops required 
considerable steering correction to keep 
the car on the road and on several occasions 
the brake pedal had to be released. The 


car was generally more easily controlled 


without the system operating. The few straight 


stops were achieved when the front wheels 
locked during the first part of the stop. 
The stopping distances with the system 
operating were generally equal to or greater 


than without the system on wet pavement. 


Several occasions one rear wheel locked for 
30 feet or more before the other, under 
these conditions the system can not pump. 
Generally the car skids a considerable 
distance before the pumping action could 

be detected except for the test made in 
configuration 6, when the system started 
pumpiny immediately after the rear wheel 
locked, however, straight stops could only 


be achieved by limiting the applied pressure. 


The sensing unit is cable driven through an 


adapter by the speedometer gear, this addi- 


tional load reduced the gear life to approxi- 


mately 15 panic stops. 
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Deseription of Unit (Con's) 

° dh ‘ . 
In addition to the cbove two components, there is a restrictor 
walve in the braze lines tetweea the Peraa-VYace Ualt and the 

* Wheel cylinders. Tals valve linits the cinixcua braze line 
Prescure to approximately 175 pel Curing tho cyeliag, 4 
eoacition cesisned to reduce stopping distanc> by maintaining 
Contact betweea the draze chocs and drurs. oh Zins 
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. effect on” Stopping distance.  * -.. I ae 
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All stops were hands of? the wheel pantie stops vith the car in 
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Februcry 17 a ; 1956 2 , eerre to: 
Trio Report to Ford Motor Come 
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Personnel Contacted: 
Personnel 


A. Sampson - Senior Engineer (Advancce Chassis Deoartucnt) 


3. Xnnacikk - Principal Pngincer (Senior Project Enyinecr) 


HW. Hollehan - Brake Engineer 


It was apparent at the beginning of our discussion that 
the above representatives viere n fully inforied as to 
-the purpose of my visit or the I I sould play in the 
test progran. They had teen lat g uncer the fiasres-= 
sion tnat I was to be present dur the instrumentation 
and testing pacses +o review their metnocs and ensure 
that tne vest Was conducted to our satisfecticn. They 
were unavare of the fact that an instelleczion was to be 
mde during ay vis t and stated that it peneralis takes 
several wecks to set up a test. 


I ossured them that Singer hed the highest -ccard 3s to 
their ability and integrity, and therefore, it was not 
our intent to taxe cart in the dnstrumentation or testing 
of tine device. Furtherinore, that we sould aporeciate 
their professional ooinion as to {ts merit and vould not 
en2lienge it. L indicated tnat I would come out wacn the 
tests ere conducted if they felt that I could be of sone 
assistance. : 


We discussed tre sodifications made to the unit by Singer 
bricfly and in general teras only. Iwas asked why we 
wanted a test run and told taen that we ned only perforncd 
tests on dry and “ret road surfaces with the new unit. I 
also told tien that tne new desien had not been testcd on 
a Ford product and that our test fecilitics vere rather 
Limited, esoecially for low cocfficient of friction road 


testinu. 


Februsry 17, 1965 


- 


A discussion of the metering concept f ovied, in which, 
Hr. Inncelik indicated thet he felt we snould limit the 
pressure drop to anproximately 125 9.5.41. to snorten 

the cycle rather than bringing che pressure down to zero. 
I stated thet our tases sShovcd a ;alnimuis sressuge of 

about 200 9.s.1. when the unit was cycling. After learn- 
ing this, he stated tat tne valve ‘ould not be necessa’ y. 
In fact, he was of the opinion that it mignt cause a 
probdle.n on low cocflicient of friction rocd surfaces. He 
then telked about the sessibility of mogifying tne untt 
before testing, such as, adding @ vecuuia reserve tank and 
Valving arrangement to isolate tne rront drums from the 
system. ‘. . 


He then wrovosed tant we conevet a full set of tests on 

a 19635 Ford tefore turning over the unit to thea for 
testing; in n 7c tes vould kill 
any future prospe exe rd « ; ilio.. 23 to 
wanting an cvaluation ¢ i : suration before 
trying the arrangements . o90se : go 
along wita our request. 


I learned that Kelsey Heyes had a device undcr develos- 
ment which was being evaluated by tnaem., Ali-, that tney 
were not develooing a device of their own at this tine, 
but were looking 2t several otner devices. One device, 

I wes told, was similar to ours with the exception that 

a second sensing device was used to sense lineer deccel- 
eration, in addition to, angular ceceleretion of the rear 
wheels. This sccond senser is the penduluia type. 


Mr. Innacile comnented on the violent action of our unit 
and its oossible detrimental effect on the suspension 
syste: and tack-un plates. He also informacd me tnat Rf 
gU.riding t.: G wheris was not necessary, in tnet, 
straigatc ins stonoing was their orimary objective. 

Tris would cuc down the violent reaction sorevnat, and 
also take 11 advantage of tne higher vrake distribu- 
tion on the frent wieels. Sto.soing distance in their 
Opinion 1s also of ut:aost imcortcace ond tiey vould not 
tolerate any increise over the convenvisnsl brake systen, 


{Dx 559 for id, p 5) 


; ‘Me. B. C. Person 


Hr, B.C. Person, Februcry 17, Hae : 


Rear wheel actuation only will be tricd. 


1 for evalutting stability is tased on 2 . . : 
then @ A > , 
‘ preliminary evaluation of the modifi 
on offer =a yoint °/3 eth & A : es di fications 
com:on weference PINs ER Coane a eee ee wade will oe conducted during tie tissc acarent 
ms Kelsey ileyes 159 uses vine stuncurd, ana of acquiring ond instrussentation of + test , 
they found no cevintace in reycrds to af: : venicle. An assessincnt as to sna isees * 3 
stzoility “uinen using our cevice, Ic Gig not use tnis anditiestions would inoreve Misa Paes pt 
ethod ovr’ our tests ond therefore, stavility was over thet waich was Shaerved on ol - aaae 
not recog ized as A provle: So.az steering coritee tion ' unit would’ be sacede Ssrine tus ti yar ody 
- Irtuor “4° o © ” ce ~~ tthe 4 | we ty : S 
was uscd by our test driver on .208% of the runs. Qssessient sould ceteratine ino:2 ICS bestia 
and instrazentation sould be cone. In any 
; eh Tas eee “ < cone. In any 
concerncd, -event, the unit will te perfovarnce tested. 


Tacir criterti 
pinic ston with mands off the wheel. Tats gives 
ing tect runs. ily 


As fer ¢ nower source is 
Rr. Ihnecik ttcets y¢¢ they hed no reservations tind 
that in all orowmvility the first device offered te “1 Th 4 
gubllic wtould nis source. lic also stated vnct a a pe ober oeif eat ee ton and/or 
later Getc, 2 hydraulic systen lke power stecrin uld will be ddrice afte a ypc they wnt co try 
nee bly be used. Tine use of 2cuua reserve tank cs ‘ eanshetes ure in ei resign rve vcen 

rn “ - - TTT on ne - . - TTT ° ; het od . “na © nh. : et tic tele] when 

mentioned 2s 2 possivle er ve . the test schcdule * been cstablicin:d. 


yeti iie confirined ous 212n04nNyu 
panic or niga Gecelerztion stops 


>.) 


As far as dise br 
cerned, they exac 
the next feu yee 
wheels and the in 


be for reer disc 


> expecte A. Rome 
int roguced ; , Superviso.y Engincer 
Central Enginccring Division 


cherazctcristics Aopzrent 
t.ses do not l 9233 s den ily as drun brakes do. Tal 

erteinly sould effect the ability of — Anertia sensin 
mechenisin to detect locx%-up znd would inerease the 
griver's ability to "fool" our unit. 


arcu a aN) 


AR:ms 


iad 


” 


The minimua nuaber of cycles per second needed for stab l- 
4ty during stnic svons “wes stzted to be 10 cycles/sec. oy 
Mr. Ihnscix. ‘We fell far snore of this requirement. 
fne following points were ayrecd upon in regards to tne 
evaluction of our cevice. 

1. Tne unit sould be 3 present state on 
; oll four wheels 


Secaieeiseitediatercinisvaiastins 


2, It will be tricd witn end without the metering 
valves. 


we Sprinoese, 
‘¢ —s - , ; ‘ ‘ : 


MiZNORANDUN 


TOr Mr. C.F. Bruder 


GAGs ¢ R. c. Person 


DATE February 25, 1966 
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we for--rded to you a cory of the infor-ation 


e meeting to get his.ccreenent on the 


cti 423 Sond 
on with Perma. The attached rateriol faa 


draft of th hlichts 
e highiichts of the aiid tceeting detwecn Singer ond 


Perma reprecentatives. 


Bvtscqucnt to this -cetin 
e ted bs 
of Perma with the jigeting, T .. é. Aig a phone cell froa Mr, headin 


a ; 
2X. Wo are still nt an impasse in regerd to ay overall “settle: 


ment ngreccent,. 
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1»: 5 . rs 

. us P: sal fo Cc3 Teh) 4 i=4 a set ie al 
2 Per=a bes re ectca o oro a 4 ct! n r 
prograa and refused to subait 4& counterpro; oO sal. ; 


Original Signed by 


: B, C Person 
KePilk 
Att. : 


ect: Mr, re di Scipio e 


HOw YORM 24 ray, 
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Yh- meeting with Perma on February 16, 1966, 
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SUMMARY OF MEBTING WITT PERMA 


FEBRUARY 16, 1966 


resulted in somewhat better 


results that we sda nea 


-2, Although ag reonent was not reached on an overall settlement, the 


cy 7 


door for further discussion is still partially open. 


Agreement on the bases for retrieving the units in the New England 


area is progressing. Both parties are in agreement on the basic 


plen and have talked about the details of how a retrieval wor 4 


be conducted. 


Bettlement Agreement ; ha my 


fhe discussion regarding | a bases for an overall settlement agreement between 


—q— 


Perma and Singer ended with the following proposal by Singer on the tabl 
_1. - Resale of the patent application and rights to the U.S. and Canada 


for $385,000 (plus any arounts owed as a result of the retrieval 


program discussed below). 
© $20,000 cash down pujueiic. 


- Payment of the balance over 4 period of time (probably tied to the 


» 


_ pale of the units). A specific proposal in this ares must be 


developed. : 
Singer will agree to a vilue of $600,006) on the inventory of anti- 


skid components, but retuins absolute right to refuse to sell the 
components except to a third party that meets Singer's approval. 


(if Perma should interes’. a company of stature, such as Bendix, we 


delicve the inventory 211d be s01d with adequate protection to 


¢ 


* Singer's name.) 


Mr’. Perrino indicated it was impo: ib? : for P.cma to proceed on this basis, 


| 
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UUM Ve Vere eee Manes Bases cers Meet / 
FEBRUARY 16, 1966 aa oF ie tt 


Seikeemnenitses oe opaetnentacioaseile eimessimatas ( Page - 2 
A [DX 560 for id, p 3] ' Fe 
s. ..-May--16,---1973 
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Pigia, \taed was 
«+ * primarily because of the restriction on-the inventory; and, secondly, because TIME 
yo Ls 


there was no moncy for a down payment. We indicated we could not move from : is 
our position regarding absolute control over the inventory. 


Re: Perma v. Singer 
, Retrieval Prorram ia . ¥ xo. LS ee 


Paul R. DeRensis, Esq. 

Poletti Freidin Prashker 
Feldman & Gartner < pore 

777 Third Avenue. sfo wwe 

New York, New York 10017 


» Agreement wus reached on the principal points of a program to retrieve the 


Perma Anti-Skid units still in the field in the New England area. A detailed 


m—: . 


plan needs to be completed and put into writing. Also, Mr. Perrino was to 


Dear Mr. DeRensis: 
Check with counsel on one point of the agreement - splitting the payment 


Herewith please fing “yfsuant to your re~ 
for Class II items. 


quest, one unit of 


The understanding to date is: 

1. The costs of the retrieval program will be split as follows: Singer 
will pay for Class III units and one-half cf the Class II units; 
ie will pey for Class I units and one-half of the Class II units. 
Singer will advance the funds required for th. retrieval; Perma 


: Very truly yours, 
will pay for their share of the program by increasing the amount 


“2 


of the outstanding note held by Singer. Thus, reimbursement to AA 


Samvel S. Linderman 


Singer may be postponed to as late as December, 1969. 
The agreement will contain a clause that the program is entered Enclosures 
‘mto without prejudice to the rights of either party. SSL:be 


Customers are to be reimbursed in cush, not with a promise ofa - wiih hy eg 


new unit ‘i Gordon 


Perma will mail a letter to the customers which has been reviewed 


. 


and approved by Singer. 


Perma will remove the units at their facility in North Attleboro, 4 


Massachusctts. : 
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Re: Perma v. Singer 


Paul R. DeRensis, Usq. 
Poletti Freidin Prasnxker 
Feldian & Gartner 
777 Third Avenue 
New York, New York 10017 
Dear Mr. DeRensis: 
Pursuant to your J stewith please find 
one unit of the Perra anti 
The unit includes stnryo’k serial No. 2314, 
kit for a V-8 model 
ough 1962. It replaces the 


unit s aR Me 976, which you found unsuit- 


able 


1971, that tt Wilt 


jury to any person. 
I would be grateful if you return the unit sent to 
you last week to our messencer. 


Very truly yours, 


Enclosures vA Samuel S. Linderman 
bec: William C. Chanler, Esq. 

Merrell E. Clark, Jr., Esq. 

Phillip Cordon, Esq. 
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Kxeusry-Warrs Company 


ROMULUS, MICHIGAN 


June 6, 1974 


Mr. Jonathan K. Lagemann 

Winthrop, Stimson, Putnam & Roberts 
40 Wall Street 

Ney York, N.Y. 10005 


Dear Mr. Lagemann: 


On a number of previous occasions you have repeatedly 
requested that we produce our Mr. Every to testify on 
behalf of Singer in connection with your pending lawsuit 
on the Perma Anti-Skid System. It is my understanding 
that you intend to use Mr. Every's testimony to establish 
a foundation sufficient to introduce a test report written 
by Mr. Every on 3 February 1966 into evidence. 
Kelsey-Hayes will agree to produce Mr. Every to testify 
for the aforementioned purpose provided the following 
conditions are met: 


i.) The court will not permit questions to be directed 
to Mr. Every which relate to or call for a response 
relating to any test procedure any test or any test 
resulis utilized, conducted or formulated in con- 
nection with any anti-skid braking system other 

‘than the so-called Perma Anti-Skid Braking System. 


The court will not permit questions to be directed 
to Mr. Every which relate to or call for a response 
relating to the identification,function, design or 
performance of any anti-skid braking system other 
than the so-called Perma Anti-Skid Braking System. 


The court will not permit questions to be directed 
to Mr. Every which relate to or call for a response 
relating to any communication, contract, license 
or other buriness relationship between Kelscy- 
Hayes and its customers, supplicrs, licensees, 
licensors or contractors. 


“Hi {DX 684 for id 
KELSEY - HAYES COMPANY 


Mr. Jonathan K. Lagemann 
Winthrop, Stimson, Putnam & Rob« 


iv.) The court will not permit que: 
are intended to elicit 


to Mr. Every which elicit or 


identification of or informatk 
Suppliers, contractors, 


Kelsey-Hayes' customers, 


licensees, licensors or any 
consulting or design activity Kelsey- Ha 


done therefor or therewith. 


June 6, 1974 
rts Page 2. 
tions to be directed 
n regarding any of 


-velopment,testing, 


y 
J 


Singer will submit to Kelsey-Hayes in writing 
the questions to be asked of Mr. Every for Kelsey- 


Hayes prior approval. 


We feel the above limitations are necessary in view of 


the confidential nature of informati 
personal knowledge. We also feel 


will not preclude Mr. Every from 


the court the circumstances and « 
he conducted the test discus: 
memorandum and hence layin; 


yn within Mr. Every's 


that the limitations 


curately relating to 
iditions under which 
3 February 1966 


iation for such 


memorandum to be placed into evidence. 


As we discussed you will seek to obt: 
of the court to limit Mr. Every's test 


herein. 


in the concurrence 
nony as set forth 


Very truly yours, 
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Henry J. Policinski 
Patent Attorney 
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NEW YORK, N.Y. 1Oo17 


November 30, 1973 


ereast 4. toLomMon 


Jonathan K. Lagemann, Esq. 
Winthrop, Stimson, Putnam & Roberts 
40 Wall Street 

New York, New York 


Re: Perma Research & Development Co. 
v. The Singer Co., United States 
District Court, Southern District 
of New York, 66 Civ. 665 


Dear Cord: 


TL 


‘ ° t 

f pl: Toy t 

‘ Curimda 
FIcGs 


aecacoor ow 
608-3200 


_ 

. 

CADLES- POLE TIA 
—_— 


CHARLES PCTT 
couwecy. 


On November 27, 1973, we agreed that plaintiff 


and defendant would, insofar as possible, set forth in 


letter form one week in advance of the testimony of their 
respective exprrt witnesses, the anticipated subject matter 


of that testimcny. 


set forth below the anticipated subjects which will be 


Pursuant to that agreement and by way 
of repetition of our disclosures to you on November 27, 


I 


covered by the testimony of Daniel Goor, plaintiff's first 


expert witness: 


1. Competitive anti-skid devices, their 
technical features and development, with emphasis 
on the Kelsey Hayes unit; 


2. The criteria for marketability of an 
anti-skid device; 


3. Steps necessary to render marketable an 
unperfecte. anti-skid device; 


4. Whether the Perma anti-skid device was 
or could have been made marketable and, if not, 
the modifications necessary to make it marketable; 


5. Sales of anti-skid devices manufactured 
by others. 


Mr. Goor's testimony will be based upon his prior 
professional experience including his familiarity with other 


A_TO COURT'S EXHIPIT 5) 
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Sincerely yours, 
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aul R. Grand oe 
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Phorge nm + 6. ‘ 269,02 “fobs | PERMA RESEARCH & DEVELOPMENT 66 Civ. 665 
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RIEL } a , ‘ COMPANY, p (KTD) 
Plaintiff, 

STIPULATION OF FACTS 


- against - 


oo 


. a.cc ' 
24 155,045 Pal _ 
2UDLS oo SINGER COMPANY, 


25.106 917 
oF Defendant. 


893,75) 
003,75) 
a 


$,193,56 ? 
563 46,163,706 


bear” 1969-74 Perceat of Percent of IT IS HEREBY STIPULATED AND AGREED by and between 
nits 


313,772 : | 
2 undersigned attorneys a follows: 


{Ct xX 5, p 6 (cc..cinued) } 


1. General Motors Corporation, Chrysler Corporation 


and Ford Motor Company have marketed anti-skid devices as in- 
dicated below. 
Ford: Motor Company 


Car Line Model Years Offered 


Mark III/IV 1969-1974 (Standard Fquipment) 
Thunderbird 1969-1974 (Optional Fquipment) 
Lincoln Continental - 1970-1974 (Optional Equipment) 

) 


srcury aA a 1972-1974 (Optional Equipment 


- 


The General Motors Corporation 
Car Line Moéel Years Offered 
Oldsmobile Toronado 1971-1974 (Optional Equipment) 


Cadillac 1972-1974 (Optional Equipment) 
Cadillac El Dorado 1971-1974 (Optional Equipment) 


Chrysler Corporation 


Car Line Model Years Offered 


Imperial ~*~ 1971-1973 (Optional Equipment) 


(a) The General Motors Corporation device markectcc 


as optional cquipnient on Oldsmobile Toronado, Cadillac and 


ee ee 


1} 


Toronado. 


the 1974 models. 


Ford models are: 


2. 


produced 


March 31, 1974. 


hereto. 


aA 


intended to dete 
customers on res 


through March 3l, 


Cadillac El Dorado model automobiles is supplied by a division 
of General Motors Corporation. Anti-skid prices—/on the 1974 


models are $214.00 for El Dorado and Cadillac, and $190.00 for 


(b) The Chrysler Corporation device was supplied 
to Chrysler by The Bendix Corporation. This device is no longer 


offered on any Chrysler Corporation automobiles effective with 


The 


skid device at the end of the 1973 model year was $348.50. 
(c) The Ford Motor Company device is supplied by 


The Kelsey~Hayes Corporation. Anti-skid prices_/for the 1974 


Lincoln Continental $214.70. 


‘Attached hereto as Exhibit "A" are copies of the 


appropriate Ward's Automotive Reports for model years 1969 


vy General Motors Corporation, Ford 2tor Company and 
Chrysler Corporation for this period and the number of ant 


skid devices installed thereon for the model years 1972 to 


3. The number of new cars produced by General Motors 
Corporation, Ford Motor Company and Chrysler Corporation and the 
number of anti-skid units installed thereon during the model 


years 1969 through 1971 are set forth in Exhibit "B" attached 


rice listed is_the manufacturer's sv sgested retail price 
| in effect during the model year. These prices are suppl'cd by 
| the automobile manufacturer with a disclaimer stipulation such 
as that supplicd by Ford Motor Company: “The manufactucr' 
suggested retail prices are suggested prices only and are not 


rmine 
ale." 


equipment is part of the hase price of the vehicle. 


. Thunderbird $196.60, Mercury $196.90 and 


1974, 


4. When executed by the attorneys for the parties 


herein, the facts set forth herein and the Ward's Automotive 


Reports attached hereto may be relied on by the parties in the 


game manner and to the same extent as any other fact or 


exhibit in evidence. 


Dated: New York, New York 
June 24, 1974 


POLETT’ FREIDIN PRASIIKE? FELDMAN 
4 & GARTNER j 
/ { 


price-+/for the Chrysler Imperial anti- 
y Pp 


B 
aca Te” mber of the Firn rs 
Attorneys for Plaintiff 
Office and P.O. Address: 
777 Third Avenue 
New York, New York 10017 


WINTHROP, STIMSON, PUTNAM RERTS 


; :. f 
By _i| Li Ame O.& Ce Ap 
A Member of ir? 
. Attorneys for hedeudans 
Office and P.O. Address: 
40 Wall Street 
New York, New York 1 


which set forth the number of new cars 


~ 


the prices charged by dealers to their 
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Model Year 1969 > - 1970 1971 
Total Anti-Skid Anti: sk. total Anti-Skid Anti-Skid Total Anti-Skid Anti-Skid 
Mfr. Production (Number) (Percent Production (Number) (Percent) Production (Number) (Percent) - 
Ford Mark III/IV 22,564 1,692 7.52 21,432 21,432 100.0% 27,091 27,091 100.0% 
Thunderbird 49,272 148 0.3 50,364 1,108 2.2 36,055 2,632 7.3 As) 
Lincoln (Anti-Skid Not Offered) 37,695 3,732 9.9 35,551 3,021 8.5 v 
Mercury ( . ee ) (Anti-Skid Not Offered) (Anti-Skid Not Offered) 
Other Ford. oe eee ae a ee Oe peer be ee ( . . - 3 
Total Ford 2,144,928 1,840 0.12 2,036,211 26,27 1.3 2,141,837 32,744 1.5% 
@ =: 
o GM Toronado (Anti-Skid Not Offered) 25,475 459 1.8% 29,265 1,931 6.6% + 
: Cadillac ( " _ ¥ ) (Anti-Skid Not Offered) (Anti-Skid Not Offered) ” 
© El Dorado ( % 2 eee 23,842 143 0.6 27,368 1,177 4.3 . 
- Other GM a, . dat ____(Anti-Skiu Not Offered) ____ fAnti-Skid Not Offered) o 
» Total GM 4,415,511 0 02% 4,095,419 602 0.01% 3,550 263 3,108 0.1% 
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Chrysler Imperial (Anti-Skid Not Offered) (Anti-Skid Not Offered) 11,432 263 2.4% 
Other Chrysler ” ys seat eee Me: oy 7 (Anti-Skid Not Offered) 
* Total Chrysler 1,479,459 0 i ony 1,311,073 0 02% 1,256,259 263 0.022 
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